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ABSTRACT 
 
Conventional business procedures are increasingly being replaced by dynamic 
and revolutionized growth due to the integration of Information and 
Communication technologies to meet changing business requirements. For 
survival in this highly competitive field of construction, the adaptation of new 
technologies enhancement and its revolution is considered as an essential 
requirement. Emerging ICT developments and new construction techniques 
have generated much needed discussion about how these two streams are 
connected together.  
 
The concept of prefabrication has grown in recent years to change 
conventional construction processes and simultaneously Building Information 
Model (BIM) has emerged to brighten up traditionally ill functioned business 
communication flow. Building Information Modelling in the early stage of 
building construction development provides the vehicle to bring the 
construction industry into line with other technically driven fields, such as 
Automotive and Aerospace. However, in the past this has not given much 
consideration towards interaction between itself and the much improved 
construction industry prefabrication process. 
 
This research has reviewed the current state of BIM capability in the 
Architecture Engineering and Construction (AEC) professions and establishes 
what is technologically possible. It also closely scrutinises one of the leading 
UK‟s cold rolled steel prefabricator‟s design and manufacturing process. The 
result of the findings leads the research to undertake in-depth benchmarking 
process to review and select an appropriate BIM application for live 
implementation. Upon selection, BIM application is customised to cater 
current and future design process of the above SME unit and implemented 
within a live construction project environment.  
 
Latest design process within SME unit along with BIM solution then evaluated 
against commercial criteria which determine the validity of incorporating 
construction industry prefabricating processes into current BIM applications 
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and highlighted its overall benefits for the prefabricators and construction 
industry as a whole. 
 
Latter part of the research investigated the latest technological advancement 
available within BIM applications. Review has lead to highlight Application 
Programming Interface (API) available within the BIM applications. API 
provided much needed control mechanism to end users via standard 
programming mechanisms which captured during this research as the 
gateway to incorporate prefabricating information into BIM. Future Novel 
Framework developed based on API capabilities of the BIM applications in 
order to incorporate prefabricating processes into BIM Applications. 
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CHAPTER 1  INTRODUCTION 
 
1.1 Outline/Background 
 
In the United Kingdom, the construction industry is considered as a 
major economic sector with 8%-10% of the contribution to Gross 
Domestic Product (GDP). The recent boom in the European 
construction industry has been strengthened by the implementation of 
various construction software and its concepts. In the UK this can be 
highlighted after the publication of the Egan report (1998). In the same 
context, Information Communication Technology (ICT) and more 
specifically visualisation has been highlighted as one of the most 
important tools for construction management (Kymmell, 2008).  
 
The Building Information Model (BIM) concept has emerged as a result 
of considerable contribution from engineering software producers and 
western world construction giants. The major impacts of BIM techniques 
for the construction industry include ease of adopting Total Quality 
Management (T.Q.M), Risk assessment and Value Assessment 
procedures, all of which are core features in any successful industry.  
 
From conception to design, construction and maintenance, the 
construction process is based on a well documented 11 step protocol 
(RIBA, 2000). The core feature with the BIM concept is it‟s ability to 
develop around each specific project, based on its project life 
cycle/processes. Due to the above, the latest manifestation of BIM has 
not given much consideration towards offsite prefabricators, their 
purchasing, fabrication and other internal processes, which directly 
relate to main construction site activities. This manifestation finally 
results in a lack of efficiency with the use of BIM and reduced 
satisfaction for onsite project management teams. 
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1.2 Current Status  
 
In most of the engineering fields, there is ability to pre-specify the 
fabrication technology, where small numbers of parts are combined in 
to a hierarchical structure. This process delivers the final product as a 
“Kit-of-Parts” design. As an example to deliver a fully finished vehicle, 
the automotive manufacturers need to combine thousands of 
components in a methodical and a structured manner. Subsequently a 
methodical sequence is needed to be determined from the beginning of 
the design phase of the vehicle with designers needing to have a 
comprehensive knowledge about required components. According to 
the Construction Industry Times (2006) “over 70% of construction 
projects in the UK have been hampered by mix-ups involving drawings 
and plans”; the solution for such chaos can be derived by having a 
common database driven BIM which can be used as noted by Eastman 
(1999, p.31) for feasibility, then design, fabrication and finally 
operations. 
 
By having all the prefabricator‟s information in the BIM model from the 
beginning of the building lifecycle, cost and errors can be dramatically 
reduced whilst efficiency increased. This would be a great tool for early 
decision making and to use as a test bed to trial different prefabrication 
methods on the basis of both cost and practicality. 
 
Mass production, and having to deal with a range of construction 
projects at a given time, has prompted the use of the latest CAD/CAM 
technologies in the individual part manufacturers and modular builder‟s 
environment. This shows that the incorporation of prefabricators into 
BIM will not be a totally new technology but a step over activity for 
prefabricators, but requires commitment from leading trade partners, 
architects and contractors for the technology to evolve. Additionally 
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appropriate technical procedures need to be incorporated within any 
BIM technology to accept prefabricator‟s information. 
1.2.1 Why the Building Information Model Is Important 
 
The Building Information Model is a database of building design 
information. Not only a design model, BIM is an information base which 
can be used throughout the life cycle of the building, from tendering, 
construction, servicing, refurbishing and at the end for demolition.  
Based on the developed central database, different information can be 
retrieved to fulfil a number of expectations and requirements. Even 
though the information can be obtained for different purposes, the root 
for all information is the same. Having a core database provides 
coordination between different designers, engineers and system 
suppliers who use the BIM for their own purpose. 
 
Currently the use of BIM is evident with major architectural companies 
and large main contractors who handle multiple projects. However the 
benefit can also be realised by processes down the chain as well 
(Kemlani, 2006). Different users can obtain different views from the 
model, these views include not only plans, section and elevation 
drawings typically found in a set of construction documents, but also 
door, window and finish schedules, material listings, 3D renderings and 
animations, and virtual reality scenes (Triglyph, 2005). 
 
At the same time BIM do not only exhibit cost savings, there are also 
many other benefits which can be derived, such as the ability to 
explore different engineering systems, perform energy analysis, 
determine building specifications automatically, and eventually 
eliminate the use of paper and paper-based processes (Kemlani, 
2006), such as drawings, bill of materials, inventory, order processing 
and the like.  
CHAPTER 1-INTRODUCTION 
-4- 
 
 
According to Adams (2006), the Building Information Model should be 
capable of providing reliable, co-ordinated, and internally consistent 
digital representation of the building which is available for design 
decision making, the production of high quality construction 
documents, construction planning and predicting performance in 
different ways. Similarly it is argued that the BIM model for 
construction is substantially different from a BIM model for design 
(Kemlani, 2006). This situation creates a theoretical barrier between 
the initial/planning stage of a building and the actual live execution 
process of the building when it comes to integrate different parties in 
to single database driven BIM. 
 
The growth in Information Technology has influenced the way that the 
construction industry operates. Recently Building Information Model 
applications play a major role in transforming the way that industry 
operates. Beyond the way Architects and Engineers worked in the 2D 
environment, the adaptation of Building Information Model makes front 
end users think and act in more accurate and realistic 3D environment 
even though the BIM is not solely 3D modelling. 
 
BIM is a method of representing architectural information through a 
large integrated database. Information can be accumulated into an 
initial database, while representing in a 3D geometrical manner a 
number of attributes required for the progress of the building life cycle 
(i.e cost, materials, thermal values, gauge acoustics etc.).  The 
building model can also be passed from one industry sector to another 
or updated centrally to achieve the final design output (i.e Architects, 
Engineers, Contractors, Material Suppliers etc.). A key advantage of 
the Building Information Model is it‟s ability to be used by any given 
party to facilitate their part of work for a given building process. 
Moreover, some of the general benefits delivered by BIM include 
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visualisation, collision detection, design validation, construction 
sequence planning, walk through, virtual mock ups, bill of materials 
and material call offs. Specifically BIM has reduced the number of 
times the users try to accumulate the same information and to use 
accumulated information a number of times (Smith S, 2005).  
1.3 Statement of the Problem  
 
The possibility of using BIM to interact with prefabricators is still an ill 
defined subject. Kemlani (2006) highlights the potential of a natural 
correlation between the computational technology of BIM and the 
constructional technology of Prefabrication. However, there is still an 
unexplored link between BIM and the requirements of prefabricators. 
With the availability of all the prefabricated components in digital 
format represented accurately as both geometry and other properties, 
a BIM system could be developed where it can be used to assemble 
these components in the design stage as well as during the offsite 
construction stage  (Kemlani, 2005). With readily available material 
properties, financial data, scheduling and fabrication information within 
the BIM information database could lead the building structure for 
different analysis such as thermal, structural load, erection scheduling 
and space utilization by sharing such information with separate 
analysis packages. 
 
Due to the large number of prefabricators and their infinite number of 
materials and construction methods, the time and cost to build up a 
comprehensive database would be great. Even if this were achievable, 
a super computer environment would be needed to deliver all the 
relevant information for the architects or engineers. There is also 
requirement for prefabrication standards and methods, before actual 
prefabricator appointed to deliver product/service, architect or 
structural engineer need to be able to use BIM system using standard 
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prefabricated components to form the building in a 3D environment. 
Without specialty knowledge of the prefabrication industry this will be a 
highly responsible procedure. A BIM for prefabrication should be able to 
customise prefabricated components based on its materials, special 
construction methods and for different construction scenarios. 
1.4 Aims and Objectives 
 
Based on the foregoing, the primary aim of this study was to develop a 
framework for the incorporation of Prefabricators into the overall 
Building Information Model (BIM) concept. In-order to streamline the 
research process off the shelf BIM applications had to be reviewed and 
benchmarked against prefabricator‟s requirements and BIM 
modification possibilities.  
 
In order to achieve the above outcome through the research process 
the key objectives were to: 
 Understand the design and engineering process within a selected 
prefabricator‟s environment 
 Selection of a suitable BIM software package to facilitate 
prefabricators functional requirements 
 Learn the facilities within BIM applications and modify it as 
required to deliver prefabricators information 
 Utilise the BIM application within a live project environment and 
conduct cost benefit analysis. 
 
The primary research was to be conducted from a prefabricator‟s point 
of view, one who handles multiple projects at any given time 
(simultaneous integration with different BIM‟s). Real time 
prefabricator‟s requirements have been analysed and a final business 
case put forward to procure BIM application to be used within the 
selected business unit. 
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1.5 Importance of the Study 
 
The lack of research about the Integration of Prefabricators into 
Building Information Model has created a barrier for offsite 
prefabricators to utilise the improved technological facilities within the 
construction industry. In the same instance, this has also created a 
knowledge gap between current BIM end users, such as Architects, 
Main Contractors, Engineers and   secondary offsite solution providers. 
Not having readily available information about different systems and 
how they should work in a given construction situation has lead the 
high end BIM users to move back to industry basics and outsource 
problems to subcontractors who process specific knowledge. 
 
By investigating and implementing a solution to integrate a Building 
Information Model in offsite prefabrication business the outcome will be 
to generate a platform to discuss the future possibilities in BIM‟s to 
integrate different offsite prefabricators and use their solutions in a 
common BIM environment. 
 
Successful integration of Prefabricators design and construction 
information into BIM, will lead this part of the construction industry to 
move forward with the latest offsite construction methods  inline with 
the requirements of the Egan report (1998), and also to use well 
developed BIM‟s in order to draw down the benefits for the industry. 
1.6 Scope of Study 
 
The limits of the research spans from an initial study regarding 
Prefabricators, Building Information Models and its latest technological 
status. The research highlights and selects an existing offsite 
prefabrication company and an industry standard Building Information 
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Model software package that could be implemented within the selected 
business unit. 
 
Based on the requirements of the offsite prefabricator, a solution was 
to be implemented within the given environment to use prefabrication 
information in a real time construction project utilising the selected BIM 
package. Incorporation of prefabrication information into BIM would 
then follow a step by step approach from non prefabrication onsite 
installation system, prefabricated secondary component information 
integration and finally to full offsite prefabrication. 
 
Real time data capture took place in order to justify the benefits of 
using offsite prefabrication information in BIM‟s and further predictions 
were to be made in order to evaluate the benefits that can be 
achieved.  
 
During the research process future possibilities for offsite prefabrication 
based on latest BIM‟s were investigated and possible future research is 
also recommended. 
1.7 Research Methodology 
 
The research was conducted with a leading light gauge cold rolled steel 
fabricator in the United Kingdom. This gave an understanding of how 
prefabricators fit into design supply and construction. The core 
business of the selected business partner was to design and supply 
light gauge steel components for the UK construction market. Currently 
its clients sector ranges from offsite modular buildings, roofing, 
external facades, and mezzanine floors. 
 
The research was conducted in parallel with a latest parametric 3D 
modelling CAD/CAM software and MRP system implementation process 
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with the above business entity. In order to benchmark the latest supply 
chain activities, research would evaluate both positive and negative 
areas of the BIM and common industry practice of prefabricators. This 
would provide an understanding of the communication platform and 
format between prefabricators and on site BIM systems. 
 
Mainly the research process consisted of three main phases. Within 
each phase specific actions were performed which has been captured in 
specific chapters in this thesis (Figure 1.1).  
 
Phase 01 – Review 
 Literature Review – A critical analysis of recent research into 
BIM and in the field of prefabricator‟s construction methods 
improvements. 
 Technical Review – An evaluation of the technical aspects in 
software, Prefabricators internal activities and existing BIM 
technology. 
Phase 02 – Frame Work Proposal 
 Prefabricators Requirement Analysis – Real-time research 
within a Light gauge steel manufacturing unit and detailed 
understanding of the BIM facilities required. 
 Software Benchmarking – Market leading BIM applications 
reviewed against the business requirements and selection of a 
BIM application for integration. 
 Implementation – A real-time system to be implemented in the 
manufacturer‟s infrastructure based on the proposed framework.  
Phase 03 – Efficiency Analysis 
 Benefit Analysis – Live construction projects performed using 
BIM application analysed for the specific benefits gained. 
 Future Enhancements – Further framework enhancement 
proposal based on the real time results gained via the system 
implementation.  
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 Conclusion – Review of the specific outcomes of each stage of 
the projects and future recommendations for further research 
opportunities. 
1.8 Structure of the report 
 
 Chapter 2- Presents a review and analysis of available and 
current literature on the subject areas of Prefabrication, Building 
Information Model, 3D Modelling and Data Exchange Methods 
 Chapter 3- Presents the case study details of the real time 
activities carried out in a prefabrication business in order to 
implement the suggested solution and integrate them into the 
Building Information Model. 
 Chapter 4- Contains information pertaining to the methods used 
in this research. Provides details of the sources of the data and 
the practices used in implementing the system and collecting 
data. 
 Chapter 5- Contains a detailed BIM data collected from various 
sources in the actual industry. Careful analysis was given for the 
data collected. Later benchmarking process took place to select a 
BIM application for the business. 
 Chapter 6- Develops a BIM framework for the BIM database to 
integrate prefabricator‟s information. This shows how the latest 
model was developed and how the existing model was modified 
in order to facilitate future possibilities in the industry 
 Chapter 7 – Analysis of achieved benefits and develops a 
framework for the Building Information Model to integrate 
prefabricator‟s information.  
 Chapter 8- Concludes the project process and opens up new 
avenues for further study and research pertaining to this subject 
area. 
The following Figure 1.1 depicts the flow of the research process 
adopted. 
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CHAPTER 2   LITERATURE REVIEW 
 
2.1 Introduction 
 
Great effort has been applied in developing how the construction 
industry should communicate and coordinate between the involved 
business entities. The actual way of constructing buildings has changed 
vastly from onsite traditional building methods to modern offsite 
prefabrication solutions. These developments have opened new market 
trends as well as new communication procedures to deliver a final 
construction solution. 
 
Prefabrication, Modularisation and Preassembly are now well 
established strategies in the construction industry. They have a great 
impact on construction project duration, reduced labour cost, 
productivity and streamlined supply chain management. However, 
many changes have taken place since the last significant study on the 
above strategies (Tatum 1987). In the United States prefabrication and 
preassembly activities have risen by 86% from 1984 to 1999 (Hass et 
al., 2000) 
 
While prefabrication is affecting the current construction industry with 
a view to making it process efficient, cost effective and productive, 
there is a requirement to investigate how these prefabrication design 
concepts and manufacturing information links with computational data 
exchange solutions which have been developed to facilitate well 
established onsite construction methods. 
 
Electronic computation has impacted on all fields of human endeavour 
(Eastman, 1999). These include weather forecasting, money handling, 
automatic product replenishment in supermarkets and patients data 
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storage. Even though computer-based information technology has 
impacted on how the different industries behave and respond within 
(and beyond) its business scope, it has had a reduced impact on the 
building industry, including civil engineering, architecture and 
construction. According to Eastman (1999), even though there have 
been many computing applications in design and construction, they 
have arguably had only a limited uptake in professional practice. 
 
One area that has seen the greatest impact within the construction 
industry is Computer Aided Design (CAD). CAD has been accessible to 
the Architecture, Engineering and Construction (AEC) disciplines since 
the early 1980s (Stone, 2007). Emerging efforts in the field of applying 
CAD to the Construction industry has lead to the concept of Building 
Information Modelling (BIM). BIM is a 3D model-centric database 
coordinating the multi-disciplinary design, construction management, 
operation and maintenance data associated throughout the lifecycle of 
a project (Cook, 2004). Furthermore, as building design has evolved, 
and the use of 3D CAD becomes more prolific, the construction 
industry is increasingly able to utilise Computer Aided Manufacturing 
(CAM) to manufacture required components for a given building. This 
subsequently requires the passing of electronic information from the 
design stage to the manufacturing stage with minimum recreation of 
the initial data (which is a fundamental concept of BIM). Since 
prefabrication aligns itself with CAD and CAM there exists a great 
potential to incorporate prefabrication within the genre of Building 
Information Modelling.  
 
The following sections of this chapter present a review of two salient 
areas. Firstly, prefabrication solutions in the construction industry 
including new trends within technology development are reviewed and 
secondly, the emerging concept of Building Information Modelling and 
its application in the construction industry is investigated.  
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2.2 Construction Pre-fabrication 
 
The UK construction industry provides 8% of the UK's gross domestic 
product, and employs 1.9 million people (National Audit Office, 2001). 
With the increase in private finance to public sector projects, British 
consultants and contractors are well positioned to offer skills and 
experience in PFI (Private Finance Initiative) projects and can also 
provide high-tech solutions to environmental, transport and building 
projects (UK Trade and Investment, 2006). 
 
The Accelerating Change Report (Egan, 2002) challenged the UK 
construction industry to improve the way in which it operates and 
search for opportunities that exist for improving the construction 
process and deliver a higher value product. Prefabrication is one 
technique offering the construction industry opportunities for working 
towards meeting such targets outlined in the Egan report. 
 
Over the years, prefabrication has evolved to be one of the most 
remarkable techniques in the construction industry. Since buildings 
have become increasingly complex, they require one-of-a-kind 
products and multi disciplinary design and fabrication skills. Due to this 
complexity, customised design and fabrication of „Engineered-To-Order‟ 
(ETO) components such as structural steel, precast concrete, 
architectural facades and curtain walls are required (Eastman et al, 
2008). Prefabricated construction brings many benefits including less 
time and reliance on site labour and easier site inspection, as well as 
greatly improved design details and quality control. (Yeung N.S.Y et. 
al., 2005). 
 
The concept of prefabrication did not emerge recently and can be 
traced back to the 16th century when a portable house was carried 
from England by the expedition of Martin Frobisher (Herbert, 1978). 
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Furthermore Herbert (1978) (in Ferguson, 1980) highlights that the 
basic concepts of prefabrication did not start in United States. It is 
acknowledged that a significant contribution to the prefabrication 
industry came from the United Kingdom and other European countries. 
According to Ferguson (1980), during the early stages of 18th century, 
sectional buildings were made in factories and shipped to distance 
points.  
 
The problems of dealing with post-war building had been recognised by 
the UK government at an early stage during the First World War 
(Phillipson, 2001). During that period due consideration was given to 
finding an alternative to the bricklaying process in traditional 
construction due to material shortages. Phillipson also highlights that 
during post-war period significant attention was given to concrete 
which was used for walling. 
 
According to Phillipson (2001), the boom in prefabricated houses 
became increasingly evident after the Second World War in the United 
Kingdom, as well as other countries affected by the war. This was due 
to mass destruction of houses through bombing, as well as not building 
any new houses during the interwar period. A committee led by Sir 
George Burt prepared the background to further develop the 
prefabrication methods in UK. During this period, even though 
government backing was evident for prefabricated housing between the 
years 1945-1948, around 157,000 temporary houses were 
manufactured (or imported) and erected. This is significantly less than 
the numbers expected by the programme. According to Phillipson 
(2001) this gap between expectations and actual provision had 
contributed to the perception of a poor product. 
 
Currently, there are many companies in the UK and Europe involved in 
prefabricating building components. These modules are normally 
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fabricated to fit in to partially constructed buildings and are brought in 
by transfer freight. The major benefit for the construction industry 
through prefabrication is the ability to achieve close control of 
tolerance and higher build and fit quality. At the same time, the costs 
are more transparent and unnecessary building waste can be 
significantly reduced (Masterbuildersonline, 2006) 
 
It is evident to see CAD/CAM incorporation into components 
manufacturing and assembly processes. In Japan, TOYOTA is the 
largest offsite house supplier with CAD/CAM technology 
(masterbuildersonline, 2006). The great advantage of using CAD/CAM 
facilities within the prefabrication industry are reduced cost and 
increased productivity. At the same time, it provides other 
infrastructures to adopt manufacturing techniques such as Just-In-Time 
(JIT), Kanban and Process Smoothing. 
2.3 Analysis of Prefabrication industry 
 
Currently, the UK construction industry is applying prefabrication to a 
wide variety of forms and applications. This ranges from the simple 
prefabricated site hut (which has been a long established application) 
to volumetric units that can be delivered to site to integrate into a 
structure of a building. When one discusses the prefabrication industry 
there are a few key words which can be highlighted; Modularization, 
Prefabrication, Preassembly and the much confused term 
“Industrialization”. Since the above terminologies are often collectively 
called „Pre Work‟, related terms are still ill-defined (Hass et al., 2000). 
The following sections discuss definitions of these terms in more detail. 
 
2.3.1 Prefabrication 
 
Prefabrication can be defined as “a manufacturing process, generally 
taking place at a specialized facility, in which various materials are 
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joined to form a component part of a final installation” (Tatum et al., 
1987). According to Hass et al., (2000), prefabricated components 
involve a single craft, skill or trade such as electrics or piping. Any 
component manufactured offsite and not a complete system can be 
considered as prefabricated component. 
 
2.3.2 Modularization 
When a large unit is fully constructed offsite and delivered to the 
specified location, it will be called modularised. This process involves 
different skilled labours and unity of number of different trades such as 
panelling, electric, plumbing etc. Usually „modular‟ is a larger unit 
which need to be broken down to smaller units for the purpose of 
delivery (Hass et al., 2000) 
 
2.3.3 Preassembly  
 
A common definition for preassembly is “A process by which various 
materials, prefabricated components, and/or equipment are joined 
together at a remote location for subsequent installation as a unit” 
(Tatum, 1987). Preassembly can be done on site near to the final 
installation place. Normally preassembly involves a variety of crafts 
and it needs to adopt sequential activities into ones that are parallel 
(Hass et al., 2000) 
 
Usually preassembly is a combination of modularization and 
prefabrication. It may collect a number of prefabricated items, made 
offsite and built near to the final job site, together to achieve a module. 
They can then be transferred to its final location. 
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2.3.4 Industrialization 
 
In general, Industrialization introduces a form of philosophical or 
cultural change, where people obtain a different attitude towards their 
perception of nature (Sheffrin, 2003). With respect to the construction 
industry, industrialization can be regarded as “a term to describe and 
encompass all three aspects of offsite construction works, 
Prefabrication, Modularization and Preassembly” Hass et al.,(2000). 
During the 1970‟s, Industrialization was used to describe all form of 
pre-work activities in the construction industry when it more often used 
to describe manufacturing concepts. 
 
It can be seen that prefabrication is the starting point of the offsite 
manufacturing process. It can provide the necessary units for a 
modular build, where the segments of modular building are sent to 
construction site. This then triggers a preassembly process near to the 
job site or at a feasible distance. 
 
According to Phillipson (2001) it is more difficult to define the 
prefabricated components that are available and combined to become 
part of the structure (it is noted that standard components are 
available as well as project specific components). Phillipson (2001) 
further describes the types of prefabrication approaches that can be 
used including: 
 
 Volumetric systems. 
 Partial modularization of components. 
 Prefabrication of elements of the construction. 
 
Modularization or modular design has been described as the key to 
prefabrication (Mass Housing Design Principles and Prototypes). 
Modular design refers to construction using standardised units or 
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standardised dimensions. Therefore, modular buildings do not have to 
be built using prefabrication techniques, but they are usually involved. 
 
According to Eastman et.al. (2008), it is also useful to review the 
fabrication process based on the degree of engineering design required 
in the work. Apart from bulk raw materials, building components can 
be classified as belonging to one of following three groups: 
1. Made-To-Stock components: these are standard components 
made in a factory environment and made available to use as 
required in construction, these are items such as plumbing 
fixtures, plasterboards, tiles etc. 
2. Made-To-Order components: These items are manufactured 
using existing standard components but made to what the 
customer‟s requirements are, these are items such as cold rolled 
steel studs, windows and doors from catalogues. 
3. Engineered-To-Order components: These are components 
customized to fit a specific location and fulfill certain building 
functions. These are items such as cold rolled structural steel 
frames, Structural pre-cast concrete pieces, customized kitchen 
cabinets, services and plant. 
 
2.4 Objective of prefabrication 
 
According to Rowlands (2007), the benefits of prefabrication are being 
realised by some within the construction industry, but there is still a 
way to go. The Royal Institution of Chartered Surveyors has reported 
that only 63% of traditional building projects are completed on time 
and only 49% to the agreed contract sum (Portakabin, 2008). Oliver A 
(2009) highlights that; 
Adoption of prefabrication capable to deliver new levels of 
quality and consistency in finished products and with it, huge 
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gains in efficiency, cost and client satisfaction “getting it right 
first time, every time”.  
Nevertheless it is a basic condition to have well-organised team or 
architects, designer, contractor and manufacturer (Bruggeling and 
Huyghe, 1991) 
 
It is significantly easier to construct complex systems in factory 
conditions, compared with onsite installation which may entail working 
at height or overhead. Furthermore traditional on-site construction is 
often high in material waste which 13% material onsite goes to waste 
stream (Gorgolewski M, 2003) and labour intensive (Chudley and 
Greeno, 2005 ). The high quality output possible in a factory 
environment provides a higher quality product compared with the 
onsite situation where errors, short cuts and cover-ups are possible 
and rework / rejection of the end product is very costly (Rowlands, 
2007). 
 
According to Hughes (2006), recent years have seen an improvement 
in design-and-management techniques. These have encouraged more 
enlightened contractors to seek out and consolidate „added value‟ in 
off-site prefabrication at relatively early stages of a project. This 
process delivers more valuable cost savings in terms of on-site labour 
costs and material waste. Vivian et.al (2006) suggests that there are 
several key driving forces to adapt prefabrication methods in to 
construction including: 
1. Frozen design at the early design for better adoption of   
Prefabrication 
2. Better supervision on improving the quality of prefabricated 
products  
3. Reduce overall construction costs 
4. Shorten construction time 
5. Improve environmental performance for waste minimization 
CHAPTER 2-LITERATURE REVIEW 
-21- 
 
6. Enhanced integrity of the building design and construction 
7. Aesthetic issues on the building. 
The UK Government is keen to increase the volume of house and 
apartment construction in a significant way with the target of building 
two million new homes by 2016 (RICS, 2008) to meet the anticipated 
demand in the future, which highlights. However, the government still 
have large targets for new houses for growing UK population, the UK 
construction industry is also faced with a requirement to dramatically 
improve energy efficiency and seek judicious use of raw materials to 
achieve sustainability targets set by the Kyoto agreement to reduce 
Green House Gas (GHG) and meet other environmental legislation 
(Paul R et.al, 1999). 
 
In order to meet these aims, new systems of construction are required 
which provide (Green Building Council Australia, 2008): 
• Faster construction methods providing earlier return on capital 
investment 
• Higher quality standards  
• Vastly improved insulation and energy use characteristics 
• Lighter structures to make brownfield development more 
economical 
• More economic and sustainable uses of materials. 
• Reduced disruption in urban areas 
• Relocate‟ability‟, disassembly and re-use 
• Single point procurement methods 
 
Prefabrication is not just limited to the building fabric, but can also be 
applied to the plant and services within a development. The 
implementation of prefabrication in the UK construction industry has 
been sporadic, and often dominated by the larger construction 
companies who have shown most interest in using prefabrication and 
standardisation techniques to improve productivity and move towards 
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leaner construction. Often these applications have been focussed in the 
larger urban environments, where the economics of site time dominate 
(Phillipson M, 2001). 
  
According to the Construction Industry Review Committee 
commissioned by the Hong Kong SAR Government (Yeung et.al, 2002) 
it is recommended that prefabrication will contribute to improved 
buildability and associated efficiency gains in terms of time, cost, 
quality, safety and environmental targets. Some of the benefits 
include; 
 
 Higher productivity levels of construction trades 
 Cost savings at every level of the supply chain due to mass 
production. 
 Faster return on investment for the client 
 Reduced programme durations for fixing and erection operations 
 Lower manpower requirement on-site owing to simplified work 
content 
 Savings in space allocated to materials storage, valuable in inner 
cities 
 Better quality control leading to more accurate profiles and 
dimensions of components 
 Less materials wastage due to  fewer defective products 
 Safer working environment at prefabrication factories 
 Enhanced teamwork spirit and manufacturing ethos under a 
repetitive production process 
 More efficient testing requirements of the products at the 
manufacturing facility than at the construction site 
 Less risk of site remedial works causes by inclement weather 
conditions 
 Re-engineered project delivery and supply chain system based on 
wide scope of prefabrication and preassembly 
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 Application to public and private sector housing, commercial 
building and road construction projects in collaboration with 
industry and government partners 
 
To achieve targets proposed by the Accelerating Excellence Report 
(Egan, 2002), the construction industry in the United Kingdom will 
undoubtedly rely more heavily on a number of new construction 
practices. This will involve greater use of; 
 High quality and high strength materials in the manufacturing of 
building components 
 Manufactured „elements‟ i.e. systems of components connected 
together in a engineering factory environment 
 Factory built „assemblies‟ i.e. groups of structural elements 
formed into structures or parts of structures in an engineering 
factory environment 
 Pre-engineered „building systems‟ which can be modified within 
set limits to suit bespoke building requirements. 
 Extension and adoption of existing structures rather than new-
build 
 3D modelling to engineer procure and fabricate structural 
engineering components. 
 
While this may appear a wide spectrum of innovation, it can be rapidly 
achieved by using a number of carefully selected innovations in the 
design, manufacture and application of some ordinary construction 
products.  
2.5 Prefabrication methods 
 
In the current construction industry the most widely used main stream 
prefabrication modes are Steel, Concrete and Timber. The concept of 
fabricating sections of a final product at the end of a production line 
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and sending them to a site for final assembly is widely used in the 
above three construction methods.  
 
Constructors are increasingly looking to minimise possible final product 
variations and to increase product quality by using various types of 
prefabrication materials. By using such methods it transfers some of 
the site work back to a controlled environment based activities. In such 
situations, the work is controlled within a climate where it is not 
subject to weather changes, and various site conditions. The quality of 
the product output is guaranteed and waste is minimal (Construction 
News, 2001).  
2.5.1 Timber Framing System 
 
Timber Frame construction is one method used to introduce 
prefabricated elements into the construction market, and timber frame 
in particular is an approach which has continued to provide a great 
impact in the UK construction industry with its sustainability credentials 
(UK Timber Frame Assocaition, 2009). In the UK‟s northern areas (i.e 
Scotland), timber frames have become a well established technique for 
house construction and has obtained greater percentage of the market 
share (Phillipson M, 2001). In England and Wales, the situation is quite 
different with traditional masonry systems being used for the majority 
of house building. In the current construction climate, pressures on the 
house building market from tighter Thermal Regulations that may 
encourage further development of the timber frame market in 
preference to traditional systems (Woodly B, 2004). Timber frame 
systems for housing are generally prefabricated as small panel wall 
systems, although some manufacturers are starting to market 
volumetric construction products.  
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2.5.2 Pre-cast Concrete Systems 
 
According to the AMA Research (2007), the Pre-cast structural concrete 
sector has been one of the more innovative sectors in UK and it is now 
valued at over £500 million. Pre-Cast concrete systems key products 
include hollow core floor and roof slabs, cross-wall panellised building 
systems and concrete volumetric modules (pods) (AMA Research , 
2007). 
 
With the ongoing development of Modern Methods of Construction 
(MMC), the pre-cast concrete systems used in the residential market is 
now tending to be replaced by timber frames and light gauge steel 
frames. Even with some level of market deviation, pre-cast concrete 
products evolved to replace traditional building products such as 
blocks, cast in-situ concrete flooring and concrete tiles. Increased 
requirements for fast track construction in these sectors has been 
generating demand for a broad range of pre-fabricated products 
including crosswall panels, hollowcore and insulated flooring. 
 
Currently in the UK construction industry, there is a demand for pre-
cast concrete floors, walls, beams, columns and architectural 
envelopes. The key element of the product is to provide ultimate 
strength while the components are manufactured offsite and delivered 
to site for quick installation. 
2.5.3 Prefabricated Steel Framing System 
 
People have looked at many aspects of the construction process in 
order to adapt it to increasing demand for efficient, adaptable and 
higher quality buildings whilst also encouraging innovation. With the 
development of the latest technologies within Modern Methods of 
Construction, the cold rolled steel panel construction now plays a major 
role within the current construction industry.  
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Historically, the cold rolled steel manufacturing process was mainly 
used in car manufacturing to produce car bodies, railway coaches, and 
bridge constructions. Based on extensive research from various 
institutes around the globe, cold rolled steel construction methods are 
now being positively used in the construction industry. According to 
Wei-Wen (2000) the use of cold formed steel members in construction 
began in the 1850s in both United States and Great Britain. However, 
according to Winter, 1952 (in Wei-Wen, 2000) such steel members 
were not widely used in building until around 1940.  From around 1946 
the application of thin walled cold-formed steel construction in the 
United Stated has increased by the release of cold rolled application 
information by the American Iron and Steel Institute (Wei-Wen,2000). 
 
Light Gauge cold rolled steel components generally comprise of C and Z 
sections that demonstrate a very efficient use of material and are well 
suited to construct houses and medium rise apartment buildings. In 
general, the steel gauge varies from 1.2 mm to 2mm but higher gauge 
material can be manufactured via the press braking method or using 
specialised rolling mills (Wei-Wen Y, 2000). Prefabrication also entails 
wall panels and floor cassettes manufactured in factory conditions and 
these are transported to site and easily lifted in to place. The same 
technology is also extended to modular construction.  Many companies 
offer light steel framing solutions, which comply with local house 
building standards or certification systems. 
 
The light steel member sizes and depth vary depending upon building 
type and size, however, generally the size of studs used in residential 
dwelling wall constructions begin at 70mm deep C sections for the 
walls and 150mm deep sigma shaped floor joists. On larger floor spans 
or constructions requiring light services, steel lattice girders can be 
constructed up to 300mm deep (Living Steel, 2008). In some 
countries, light gauge steel frame manufacturing companies join with 
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external finishes suppliers such that the full wall can be manufactured 
and sent to site for ease of erection. The service comes with a premium 
cost which can be offset by the speed of construction and the savings 
achieved via non requirement of termite treatments (Bower J, 1990).  
2.6 Construction Process Flow and Prefabricators 
 
With the development of prefabrication techniques as discussed in 
previous sections, it had developed a prerequisite for prefabricators to 
create their own drawings specific for given project. According to 
Eastman et al (2008) creation of such drawings covers two purposes:  
(i) To develop and detail the design for production  
(ii) To communicate their construction intent back to the main 
design team for approval. 
This generates a two-way communication cycle where prefabrication 
designers need to liaise with their own fabrication team with design 
information and also with main contractors and architects with respect 
to specific zone of work within the building. Eastman et al (2008) 
highlights that in traditional practice, paper drawings and specifications 
prepared by fabricators for designers fulfil additional vital purposes. 
They are key part of commercial contract for the procurement of 
fabricators products and also used directly for installation and 
construction. 
Due to repetitive nature of production and having to deal with number 
of construction projects at a given time has prompted prefabricators to 
utilise in house 3D modelling and Computer Aided manufacturing 
Systems. In 1973, the easy creation and editing of arbitrary 3D solid 
shapes was developed separately by three groups, Ian Braid at 
Cambridge University, Bruce Baumgart at Stanford, and Ari Reuicha 
and Herb Voelcker at the University of Rochester (Eastman, 1999) 
known as solid modelling, the first generation of practical 3D modelling 
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design tool. This development lead to building modelling based on 3D 
solid modelling in 1970‟s and enabled construction fabricators to start 
modelling 3D components and then to obtain fabrication drawings. 
 
In current architectural practice it is common to see 2D drawings which 
leads prefabricators to recreate information in their own 3D modelling 
environment. This creates inefficiency due to current construction 
industry review and approval procedure based on 2D drawings. 
Eastman et al (2008) indicated three stage information and product 
flow for Engineered to Order components: Project Acquisition, Detailed 
design, and Fabrication. Due to extensive traditional review process the 
data entered into standalone fabricators in-house design package had 
to be revised a number of times based on architects comments and 
some time these changes even occur at installation stage due to 
unforeseen site erection issues. 
 
With prefabrication there is a need for increased engineering effort 
upfront (CII, 1992 in Hass at el, 2000). This means that design work 
and extensive planning must be completed before prefabrication can 
begin (Hass at el, 2000). This implies that there is a requirement for 
prefabricators to be involved from the beginning of the design process 
to make decisions and allow key design teams to use prefabrication 
information at early stages of the project. As a result project lead time 
start to compress giving benefits to all the parties involved in the 
process. 
 
Since the prefabricators are involved in the design process at a later 
stage it can create further inefficiency due to not having required 
information upfront. This forces the fabricators to have a “Making-Do” 
type (Koskela L, 2004). This is a waste due to undertaking work 
without appropriate raw material, in the fabrication design process this 
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raw material will be information from the main architects and required 
drawings to make fabrication decisions and shop drawings. 
 
Ronen (1992) mentions three basic causes of Making-Do: The 
efficiency syndrome, the pressure for an immediate response and 
improper division into levels of assembly. With respect to prefabrication 
process it is more towards the pressure stemming from main 
contractors that leads prefabrication design and engineering to start 
the project with a lack of information. This will later lead to rework and 
undue change control procedures. Pederson G (sited in Erickson G R, 
2006) hints that due to current communication requirement in the 
construction projects it requires an additional phase in the construction 
process called “Communication-Phase”. This highlights the importance 
of the communication between participating parties in the construction 
process. 
 
The path to remove such inefficiencies is to allow architects and 
fabricators to work within a same information generation 
model/database where one stakeholder decisions are to reflect back in 
other participents work procedures in real-time.  
 
2.6.1 Role of BIM for Prefabricators in the Construction Process 
 
Most of the engineering fields specify which fabrication technology to 
be used where small numbers of parts are combined in to hierarchical 
structure to deliver final product “Kit-of-Parts” Design and to deliver 
different function (Eastman, 1999). This specification is done early in 
the design process and information is passed to specific fabricators 
without involving information recreation. 
 
The possibility of using BIM to interact prefabricators is still an ill 
defined subject. Kemlani (2006) concludes that “there seems to be a 
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natural correlation between the computational technology of BIM and 
the constructional technology of prefabrication”. What this comment 
highlights is that there is an unexplored link between BIM and 
requirements of prefabricators. With the availability of all the 
prefabricated components in digital format which represent accurately 
its geometry as their properties, BIM system could be developed where 
it can be used to assemble these components in the design stage as 
well as during the offsite construction stage (Kemlani, 2006). By 
having all the associated information such as cost, structure, energy 
performance and so on, it could be used positively in BIM model to 
analyse future proceedings of the project. 
 
By having all the prefabricators information in the BIM model from the 
beginning of the building lifecycle it will dramatically reduce cost, errors 
and increase the efficiency. This would be a great tool for early decision 
making procedures and to use as a test bed to trial different 
prefabrication methods. 
 
But due to the large number of prefabricators and their infinite number 
of materials and construction methods it is a very time and cost 
incurring activity to build up a such comprehensive database. Even 
after achieving this it needs to run in a super computer environment to 
deliver all the relevant information for the architects or engineers. 
Requirements arise for prefabrication standards and methods, before 
the actual prefabricator is appointed to deliver product/service. 
Subsequently the architect or structural engineer needs to use a BIM 
system in their design process making use of standard prefabricated 
components. Without specialty knowledge on prefabrication industry 
this will be a highly responsible procedure. At the same time the 
system should be able to customize prefabricated components based 
on its materials, special construction methods and for different 
construction scenarios so on. 
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Eastman (1999), points out that due to current contracting practice, 
when moving through the building lifecycle phases it is a common 
situation of not giving proper consideration to activities involved in the 
next phases. Due to this situation and to cope with unnecessary 
amount of data which need to be in any computer system Eastman 
(1999, p.28) emphasized it is more practical to add information about 
different technologies (eg prefabricated components) as the design 
progresses. In the current stage of the BIM it is hard to forecast when 
the prefabricator‟s direct involvement appear within the system. In the 
first instance offsite prefabricators need to produce and publish their 
prefabricated components in a digital format, where it can be used at 
the very early stages of the building design process.  
2.7 Building Information Model definition and 
understanding 
 
Since CAD became increasingly utilised within the construction 
industry, there was an argument that architects should create 
intelligent 3D models instead of paper drawings to communicate design 
ideas and guide construction. The latest re-branding of this concept is 
Building Information Modelling (BIM), although the concept of 
computer modelling for buildings was first proposed when the earliest 
software products for building design were being developed (Bijl and 
Shawcross 1975; Eastman 1975; Yaski 1981 in Eastman, 1999) 
 
Building information model is a sole database of building design 
information. Not only a design model, it is an information base which 
can be used throughout the life cycle of the building, from tendering, 
construction, servicing, refurbishing and at the end for demolition.  
Based on the developed central database, different information can be 
retrieved to fulfil a number of expectations and requirements. Even 
though the information can be obtained for different purposes, the root 
for all information is the same. Having a core database provides hidden 
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coordination in-between different parties who use the building 
information model for their own purpose. 
 
The Facilities Information Council, 2004 (in Grobler, 2004) define a 
Building Information Model (BIM) as a: “a computable representation 
of the physical and functional characteristic of a facility and its related 
project/life-cycle information using open industry standards to inform 
business decision making for realizing better value”  
 
Even though the working definition exists, Dillon (2005) argues that 
Building Information Modelling is an evolving concept; one that will 
continue to change as the capabilities of technology and our own ability 
to manipulate that technology improves. Conversely Morternson (cited 
in Eastman et.al, 2008) defines BIM technology as “an intelligent 
simulation of architecture”, however, there is still no single, widley 
accepted definition of the term. Morternson (cited in Eastman et.al, 
2008) identifies six key characteristics of a BIM to include: 
 Digital 
 Spatial (3D) 
 Measurable (quantifiable, dimension-able, and query –able) 
 Comprehensive (encapsulating and communicating design intent, 
building performance, constructability, and include sequential and 
financial aspects of means and methods) 
 Accessible (to the entire AEC/ owner team through and 
interpotable and intuitive interface) 
 Durable (usable through all phases of a facility‟s life) 
 
It is therefore vital to understand the type of information stored in a 
Building Information Model where in return it gives the desired 
outcomes from the system. According to Dillon (2005) there are three 
types of information contained in a BIM. 
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1) Geometry:  Designers can model the entire building as a 3D 
model and create 2D drawings from it. Whenever there is a 
change in the 3D model, it will automatically update the 2D 
drawings such as elevation, plan and detail drawings. This will 
reduce the time taken to rectify any errors in the process of 
accommodating quick changes. Also having a 3D model will help 
in understating and providing solutions in the beginning of the 
project. 
 
2) Non-graphical information: with the latest technology 
development in the area of parametric modeling, 3D objects can 
contain a number of non-graphical features of the component 
which will helpful to further define its function. As an example 
common an „I-Beam‟ can contain information about it fire rating, 
framing parameters, estimating information, etc., (Dillon, 2005). 
This information is not visible in the drawings and in the 3D 
model, but can be obtained though reporting procedure and also 
use in another analysis software for further analysis. 
 
 
3) Linked information: this is information in the model, but which is 
not directly related to the model, such as project details (main 
contractor/sub contractor details), Gantt charts etc. 
 
In BIM, objects simulate building components. These intelligent objects 
know what they are and what their characteristics are. When a user 
places a wall in a BIM, it identifies that it is a wall and contains 
information about its materials, its fire rating and height etc. When you 
place a door object into a wall object, the opening is automatically 
created. If one moves the door, the wall opening is filled in and an 
opening is created in the door's new location. In using this method of 
building complex (i.e final building) products using smaller number 
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components (i.e Single leaf walls, windows), the foundations for 
object-oriented building product modelling were laid throughout the 
1990‟s (Gielingh 1988; Kalay 1989; Eastman 1992, in Eastman 1999, 
in Eastman et al, 2008). 
 
Currently the use of BIM is evident with major architect companies and 
giant contractors who handle a number of projects. However benefits 
can be gained by processes down the chain as well (Kemlani, 2006). 
Different users can obtain different views from the model, these views 
include not only plan, section and elevation drawings typically found in 
a set of construction documents, but also door, window and finish 
schedules, material listings, 3D renderings and animations, and virtual 
reality scenes (Triglyph, 2006). 
 
According to Adams (2006, p.13) the Building Information Model 
should be capable of providing reliable, co-ordinated, and internally 
consistent digital representation of the building made available for 
design decision making, the production of high quality construction 
documents, construction planning and predicting performance in 
different ways. In the same stage it argues that the “BIM model for 
construction is substantially different from a BIM model for design” 
(Kemlani, 2006). This situation creates a theoretical barrier between 
the initial/planning stage of a building and the actual live executing 
process of the building when it comes to integrating different parties in 
to single database driven BIM. 
 
At which point the building information model should initiate or who 
should maintain the information model is still an undefined topic. An 
important fact is the system existing in the technology world. Still 
some barriers and lower growth cause the construction industry to 
chase behind advanced technology. When deciding who should 
contribute to the BIM and what are the types of information the model 
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can accept to facilitate more reliable information is still an industry 
question. 
 
As per Spangler (2005) One common misconception is that CAD is for 
2D design and BIM is for 3D design. This is definitely not the case, 
since one can easily create 3D designs with CAD technology. The main 
difference between CAD and BIM all comes down to how an object 
perceives itself after it is placed. 
 
Eastman et.al (2008) identifies following characteristics for a building 
information model; 
 Building Components – objects with intelligent that „know‟ what 
they are, and can be associated with computable graphic and 
data attributes and parametric rules. 
 Components that include data that describe how they behave - 
For the purpose of analyses and work processes. 
 Consistent and non redundant data – Changes to component data 
are represented back in all views of the component 
 Coordinated data – All views of a model are represented in a 
coordinate way 
 
One who uses BIM technology can truly develop a model that 
accurately reflects what is being constructed in the field. Tasks can be 
carried out such as clash checking prior to construction, determining 
where beams run into each other or where ducts run into pipes. 
Discovering such issues at the design stage rather than the 
construction phase delivers major cost reduction and ability to keep 
projects on track by eliminating future site problems. With BIM, this is 
possible. Besides interference detection, BIM technology can be used 
for modelling, drafting, visualizing, animating, simulating, analyzing 
and plotting. One key aspect of BIM is that it allows for collaboration 
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amongst engineers and architects on a scale that has not been possible 
during traditional Design-Build and Design-Bid-Build process. 
 
The Key objective of incorporating BIM system into construction 
projects are to eliminate repetitive data capturing process and enhance 
the overall construction management process by introducing single 
point data database and information hub.  According to Eastman et al. 
(2008) although the AEC/FM (Facilities Management) industry is in the 
early days of BIM use, significant improvements have already been 
realised.  
 
The following graph presented by Smith D (2005) during National 
Building Information Model Standards in USA, shows the typical data 
loss at each handover point during a project life cycle. BIM provides a 
standard framework to capture information during the whole lifecycle 
of the project and eliminate any loss of information during handover 
points resulting value rich information gathered at latter stages of the 
project. 
 
Figure 2-1  Information Waste in Traditional Construction Process – (Smith 
D, 2005)  
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2.7.1 Benefits of BIM  
 
As per Cyon Research Corporation (2003) the main benefits of the 
building information model derive from having a single consistent 
database to represent the building throughout its lifecycle, from design 
through construction, operation, and ultimate disposition. 
 
During traditional construction project phases, each phase of the 
project requires a different set of drawings, information and the 
production of CAD data. In contrast to the traditional process, BIM 
maintains a single database for a given project and all the phases of 
the project will be embedded to the same data source. Based on end-
users, required information will be retrieved from the BIM. 
 
As the traditional design process does not have a core data hub to link 
all the phases of the project, this leads to miscommunications which 
are expensive and time-consuming. These in turn lead to lower 
efficiencies and a negative impact on information flow. 
 
Having BIM during the design stage to test various options allows 
different components to be used in order to arrive at the best solutions 
possible. Even though this takes more of the designer‟s time, it is 
considerably cheaper than encountering problems on site where 
significantly more time and cost can be involved. (Cyon Research 
Corporation, 2003) 
 
According to Eastman et al. (2008) the benefits of BIM can be 
categorised into 4 key areas which directly deliver benefits by adopting 
BIM in to construction stages 
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 Pre Construction benefits to Owner 
During the preconstruction stage it is important to determine whether 
the proposed building can be built according to the desired quality, size 
and programme within a given budget. Using a BIM system provides 
the building owner with the information required to asses the feasibility 
by abstracting available information from a BIM system. Also by 
developing a schematic model (Eastman et al., 2008) at the pre 
construction stage allows the opportunity to assess whether it delivers 
the desired requirements from the building.  
 
 Design benefits 
At the design stage, by having a BIM solution with 3D visualisation 
capability allows the designer to understand the building in a 3D 
environment rather than using a number of 2D drawings. Also due to 
the parametric feature in the BIM systems, the designer can 
accommodate changes to components at an early stage in the design 
process without incurring additional cost. At the design phase, the 
designer is also able to provide a number of 2D drawings for fabrication 
purposes with limited drawing creation effort. 
 
Since the sole idea behind BIM is to make the data source available for 
multidisciplinary entities, it provides the benefit of understanding the 
requirements from other parties and managing any change-control. 
With BIM at any stage in the design process, the user can abstract an 
accurate up to date Bill of Materials to obtain a cost estimate. This 
allows parties‟ involved in the construction process to assess the cost 
implications. 
 
 Construction and Fabrication benefits 
At the construction and fabrication stage it is beneficial to obtain time 
line information from BIM system to understand and accurately plan 
the logistic requirements for the construction project. Also as 2D 
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drawings are created from a single 3D model and from a single data 
base, numerous errors due to inconstancies in 2D drawings are 
eliminated.  
 
At the fabrication stage it is also useful to obtain any design changes 
as quickly as possible prior to manufacturing to wrong drawings. Since 
any design change is done in a BIM 3D environment it simultaneously 
updates the related drawings, bill of materials. This allows the 
minimising of any fabrication errors due to lack of communication and 
to proactively manage the in-house materials and work schedules. 
 
With respect to construction and fabrication, BIM systems promote 
(and facilitate) lean manufacturing principles, ensuring the resources 
are managed and waste are eliminated using information derived from 
a BIM system and feeding them regularly to other logistic and resource 
planning mechanisms. 
 
 Post-Construction Benefits 
At the post-construction stage it is beneficial to obtain all the up-to-
date information available from BIM for the facilities management 
process. This allows the facilities management team to understand how 
and what facilities operate inside the buildings. This mainly reduces the 
time consuming process of going through all the 2D drawings and 
reports to interrelate each item in the building and organize a proper 
facilities operation and management process.  
 
With its capabilities, BIM can be used to preserve valuable data for 
buildings already built and in need for a renovation or expansion. The 
Sydney Opera House (Bentley, 2008) is a classic example of such 
usage of BIM, as part of recent strategic building plan, the building was 
recreated based on existing paper based information and further used 
for renovation and extension work. 
CHAPTER 2-LITERATURE REVIEW 
-40- 
 
According to AIA (1994), the traditional contract for architectural 
services suggests a payment schedule to be 15% for schematic design, 
30 % for design development, and 55% for construction documents. 
This proportion of distribution shows the monetary involvement from 
architects during the cause of traditional construction project. 
According to Eastman et al., (2008) BIM‟s ability to automate standard 
forms of detailing, BIM heavily reduces the time required to produce 
construction documents. 
 
 
Figure 2-2  Value added, cost changes and current compensation 
distribution in design process (CURT, 2007) 
 
According to Figure 2.2 Curt (2007) indicates heavy involvement from 
architects during the Construction detailing stage (line 3) contrast to 
the initial stage higher involvement in BIM process (line 4) during 
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schematic design stage. In the practical world this shift in architects 
involvement at early stages in the design to construction is highly 
beneficial in the terms of making correct decision prior to construction 
stage on drawing boards than with physical components on site.  The 
graph also shows the very little involvement after Design Development 
stage due to BIM which is capable of providing all the required 
information such as Bill of Materials, Fabrication Drawings . 
2.8 Construction Information and BIM 
 
At which point the BIM should be initiated or who should maintain the 
information model is still an undefined topic. Grobler (2005) highlights 
that a key issue of BIM is deciding who should contribute to the BIM 
and what types of information the model can accept to facilitate more 
reliable information 
 
Compared to other technical industries such as Automotive and 
Aerospace, Bradfield (1983) suggests that the construction industry 
has a well-documented history of information and communication 
problems. This can be attributed to the “large, complex, highly 
fragmented and diverse nature of the industry and the separation of 
design from construction”. Architects initially had a small basic „library‟ 
of information sources, including books, pamphlets, catalogues and 
articles. In the construction industry „classification of information is 
widely acknowledged to be the most complex, controversial and 
fundamentally important component in the development of data 
coordination, since it is basic both to general information systems and 
to the structuring of project information (Phillips, 1976) 
 
Information can also vary from its content and format (Bradfield, V.J., 
1983), some might prefer information to be „pre-packed‟ for specific 
needs. By having pre-organised information for any task results in not 
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allowing end users to thoroughly evaluate required features and to 
logically accept what is been presented to them. Within the BIM the 
prefabrication information can be presented to architects and engineers 
in a pre-organised manner which then hides the rationality behind why 
and how the system works. 
 
When Eastman (1999) mentions about some general formats to use to 
exchange parts information and loading outputs from external 
application for further design purpose, it unintentionally highlights the 
requirement of having a system to be able to interact with other 
business entities who are in the second or third level of the 
construction industry supply chain.  
 
Also, it is arguable in what level each construction process entities 
contribute towards single Building Information Model. It can be argued 
that the architect leads the building process, or alternatively that the 
main contractor, the structural engineer or the onsite project manager 
takes the lead. Conversely, it could be argued that this is a collective 
responsibility. Rice, 1994 (in Sebestyen, 2003) highlighted that whilst 
the architects work is creative, the engineer‟s is essentially inventive. 
 
This is an indication that not only the architect should be taken as the 
focal point of developing any CAD based information system such as 
BIM. Any developed system and its related information base should be 
able to provide information for any given user to obtain what is 
relevant for them. According to Hagan (2005) beneficiaries from BIM 
varies during the course of the project, moving from designer to 
constructor to facility owner over (25- 30 Years) of the building life 
cycle. 
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2.8.1  Information exchange standards 
 
According to Eastman (1999) the need to exchange data between 
engineering applications existed even before the development of initial 
CAD systems. Eastman (1999) also highlighted the different 
requirements to exchange data: 
 Translate data between two CAD systems, when two business 
entities are working in the same project. 
 To extract data from the CAD system for input into an analysis 
application. 
 Loading the output from an external application that generates 
design results in the receiving CAD application. 
 Loading data of an existing building for the planned renovation 
work. 
 Reading in details or building parts from parts catalogue 
represented in some general format for inclusion in a CAD 
project. 
 Extracting base information from construction drawings. 
 To automatically derive the Bill Of Materials from construction 
drawings. 
 
With respect to Prefabricators or other bespoke item suppliers having a 
BIM system which is be able to accept information (i.e. CAD data and 
associated information) from an external system will generate great 
benefit. 
 
At the same time BIM should not be used solely for cost saving 
benefits. Other benefits include the ability to explore different 
engineering systems, perform energy analysis, determine building 
specifications automatically, and eventually eliminate the use of paper 
and paper-based processes (Kemlani, 2006), such as drawings, bill of 
materials, inventory, order processing etc..  
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The key factor for implementing a BIM system/solution in 
construction/Architect entity will be how to interact with other 
stakeholders in the industry, mainly to exchange the design 
information.  
 
Regardless of the type of information which can be included into the 
BIM, it is a matter of how to insert readily available information in to 
the new BIM. The key objective is how to exchange data between 
different platforms and to maintain a two-way information path 
between users. According to Ross and Rodriguez (1963) due to different 
languages used to create Computer Aided Design Systems, it has 
created restrictions and interwoven computational complexities which 
generate great difficulties to integrate different CAD systems together. 
 
According to Gorbler (2005) “Technology is available, albeit; it is not 
perfect; nor is it complete, but it is at a place that it can be 
implemented”. In its current format there are number of methods and 
ideas behind how the information framework for the BIM should work.  
 
The most common method is having BIM with one repository (e.g 
virtual data bank in Internet) over the project life cycle (Gorbler, 
2005). This method raises the argument of whether we do need to 
create a number of data banks/storages uniquely for each and every 
project. As per Davis and Onuma (2005) over one million projects have 
been designed and constructed using BIM.  Did this create one million 
data storages over the internet? Key criteria behind BIM are to hold 
recreation of data and share information. 
2.9 Latest BIM software tools 
 
BIM technology has crossed the boundary between research and being 
a viable commercial tool (Eastman et.al, 2008). In the current 
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commercial software vendor market a number of BIM software 
packages are available to cater for AEC industry requirement.  This is 
evident by Eastman et.al (2008) highlighting a number of currently 
available BIM applications during their BIM handbook review (Figure 
2.1)  
Goldberg(2005) has assessed BIM applications based on the quantity of 
installed seats, true object CAD or parametric modeling capability, 
routines or programming dedicated to the architecture and construction 
industry and extraction of views and information directly from a 3D 
model.  
 
Based on Goldberg‟s (2005) studies BIM software‟s can be divided in to 
two categories: 
(1)  Unidirectional Vs Bidirectional Editing  
(2)  Single-File Vs Multifile databases 
 
In general all BIM software initially design a 3D model and then extract 
views, such as elevations, sections and other information. In a 
unidirectional approach, changes made to extracted views and 
information do not automatically change the initial model and other 
related views. Unidirectional approaches generally keep information in 
separate document files that are electronically linked, but where 
changes will not affect the model. 
 
In the bidirectional approach BIM softwares, such as „Revit‟, „Bentley 
Architecture‟, „ArchiCAD‟, „VectorWorks ARCHITEC‟ and „Tekla‟ do affect 
the model as well as all the other views and information throughout the 
project during single information update. To achieve this result, all 
information must be interrelated at all times. To create such a 
permanent interrelationship, the software solution must keep all the 
information about the project (models, views, sheets, schedules and so 
forth) in a single database file, or manage relationships between 
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databases in multiple files. Though the bidirectional, single-database 
concept creates a very efficient operating environment, it also produces 
a much larger single file than those programs that use the 
unidirectional, electronically linked file solution. (Goldberg , 2005).  
 
In BIM software where single file process is in place the file is probably 
much larger than any DGN file or individual DWG file in an Architectural 
Desktop project, but is likely to be smaller than the total collection of 
files that make up an „Architectural Desktop‟ or „MicroStation‟ project. 
The multi-file approach is inherently more scalable and likely to 
perform better because it doesn't need to handle the entire model all 
the time, but it can require a bit more management and care in setting 
it up.  
 
Instead of BIM the Graphisoft calls the model creation and information 
handling process as “Virtual BuildingTM”. ArchiCAD's bidirectional 
associative models keep all the data in one PLN file that can hold a 
60,000-square-foot building including all construction documents in a 
30MB file (Goldberg, 2005). ArchiCAD uses the GDL (geometric 
description language) model creation language. GDL contains all the 
information necessary to completely describe building elements as 2D 
CAD symbols, 3D models and text specifications for use in drawings, 
presentations and quantity calculations. (Graphisoft RandD Zrt, 2008) 
 
„Revit‟ is a software where by the application is based on the 
Parametric Building Modelling (PBM) technology (AutoDesk, 
Whitepaper, 2003). According to Goldberg (2005) due to PBM 
technology, a change made anywhere in a parametric model is 
immediately reflected everywhere. Also, all building information and a 
complete set of design documents are stored in an integrated 
parametric database and interconnected. This interconnectivity allows 
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changes to the relationships, enabling real-time coordination of 
information in every view.  
 
BIM Software Building System 
Compatibility 
Functionality Source For 
Information 
Tekla Structures Structural Steel, Precast 
Concrete, CIP reinforced 
concrete. 
Mechanical, electrical, 
Plumbing, Curtain walling 
Modelling, analysis, pre-
processing, fabrication 
detailing. Coordination. 
www.tekla.com 
SDS/2 Design Data Structural Steel Fabrication detailing www.dsndata.com 
StruCAD Structural Steel Fabrication detailing www.acecad.co.uk 
Revit Structures Structural steel, CIP 
reinforced concrete 
Modelling, analysis pre-
processing 
www.autodesk.com/r
evit 
Revit Systems Mechanical, electrical, 
Plumbing and piping 
Modelling www.autodesk.com/r
evit 
3d+ Structural Steel  3dplus.cscworld.com/ 
Structureworks Precost concrete Modelling, fabrication 
detailing  
www.structureworks.
org 
Revit Building Curtain walls Modelling  www.outodesk.com/r
evit 
aSa Rebar Software CIP reinforced concrete Estimating, detailing, 
Production, Material 
Tracking, accounting 
www.asarebar.com 
Allplan Engineering Structural steel, CIP 
reinforced concrete, 
Precast Concrete 
Modelling, detailing rebar www.nemetschek.com 
Allplan Building Services Heating, Ventilation, Air-
conditioning(HVAC), 
Mechanical, Electrical, 
Plumbing(MEP) 
Modelling www.nemetschek.com 
Catia (Digital Project) Curtain walls Modelling, FEM analysis, 
parsing production data 
for CNC 
www.3ds.com 
Graphisoft ArchiGlazing Curtain walls Modelling www.graphisoft.com 
SoftTech V6 
Manufacturer 
Curtain walls Modelling and fabrication 
detailing 
www.softtechnz.com 
CADPIPE Commercial 
Pipe 
Piping and plumbing Modelling and fabrication 
detailing  
www.cadpipe.com 
CASPIPE HVAC and 
Hanger 
HVAC ducts Modelling and fabrication 
detailing 
www.cadpipe.com 
CADPIPE electrical and 
Hanger 
Electrical conduits, cable 
trays 
Modelling, detailing www.cadpipe.com 
Quickpen Pipe Designer Piping and plumbing  Modelling, fabrication 
Detailing  
www.quickpen.com 
Quickpen 
DuctDedesigner 
HVAC Modelling and fabrication 
Detailing 
www.quickpen.com 
Bently Building Mechanical 
systems 
HVAC ducts and piping Modelling www.bentley.com 
Graphisoft Ductwork HVAC ducts Modelling www.graphisoft.com 
CAD-Duct HVAC ducts, piping 
Electrical containment 
Modelling and fabrication 
detailing  
www.cadduct.com 
SprinkCAD Fire sprinkler systems Modelling and detailing www.sprinkcod.com 
 
Table 2-1 Available BIM Software Packages (Eastman et.al, 2008) 
 
According to Goldberg (2005) „VectorWorks‟ incorporates years of 2D 
CAD expertise to provide drafting and detailing capabilities. The 
program's building objects display appropriately in both 2D and 3D and 
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can be tagged with non-graphical information such as material, 
manufacturer and price. As per the program users a unique feature to 
this program is NURBS modelling capability, which allows creating 
complex surfaces and organic shapes. With the inclusion of Render 
Works Module the „Vectorworks‟ is Capable of creating photorealistic 
and non-photorealistic renderings.  
 
„Bentley‟ system software is capable of bidirectional integration with 
engineering analysis applications, schedule simulation and 4D design. 
Accordingly Bentley Architecture (Bentley, 2008) is part of Bentley's 
integrated suite of Building Information Modeling (BIM) applications 
that provides seamless integration between design, engineering, 
analysis, construction, and operations for the entire lifecycle of 
facilities. 
 
It also offers a capability called 2D/3D choice, which allows users to 
work in either the 3D model or 2D drawing views or in both at the 
same time while keeping all drawings and the models in 
synchronization. „Bentley‟ is capable of supporting architects and 
engineers working on a single platform and supports those on other 
platforms through standard formats such as DWG, PDF, CIS/2 and the 
IAI's IFCs, making it very appealing for multidisciplinary teams and 
complex projects (Goldberg, 2005). 
 
In contrast to other BIM applications „Tekla‟ software which separates 
the model from the drawings but still makes them part of one central 
database so that they always stay in sync, is a very clever solution to 
the file size problem that bogs down other centralized BIM applications. 
„Tekla Structures‟ benefits from  all the benefits of a single database 
solution such as automatic coordination of all drawings and reports 
with the model, but cleverly avoids the problem of huge file sizes that 
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slow down other BIM applications and makes model sharing difficult 
(Kemlani, 2007) 
2.10 Conclusion 
 
The literature review yields a greater foundation to this research due to 
the practical approach utilised in the project process. Reviewing of the 
literature was conducted with a focus of understanding construction 
industry latest trends specifically “Prefabrication Methods” and how 
these techniques benefits from linking with latest Design and 
Information sharing systems “Building Information Models”. A deep 
insight has been given in order to understand the still developing BIM 
system and its current users perceptions relative to Prefabricators 
process. 
By understating the benefits that can be achieved via Prefabrication 
and The BIM solutions. It is straight forward that having prefabricators 
information and design mechanisms available in the BIM solutions will 
greatly improve Modern Methods of Construction trend for the benefit 
of whole construction market. 
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CHAPTER 3 CASE STUDY OF SME PREFABRICATOR 
 
3.1 Introduction 
 
The key aim of this chapter is to understand the business 
(Design/Manufacturing) requirements of selected SME with relation to 
BIM and 3D modelling software and draw attention to the key points to 
be fulfilled by the given BIM solution. 
 
The selected SME business unit is named “Banro Holdings Ltd” which 
situated at the heart the of Walsall area in United Kingdom. Business 
unit was consisted of two cost centres (Design Unit & Manufacturing 
Unit). Design unit comprised of 09 Employees and manufacturing unit 
comprised of 30 Employees. The core business process of the unit was 
to manufacture and supply cold rolled steel profile sections to UK‟s 
construction market based on client‟s direct orders or its own design 
unit specifications. 
 
Two elements were undertaken in order to cover the above 
requirements 
1 – Understanding the Business / Commercial requirement within the 
prefabricators sector which dictates BIM and 3D CAD/CAM functionality 
2 – Understand the software capabilities which can fulfil the majority of 
the business requirements and the ability to withstand future business 
requirements due to new product and service capabilities. 
 
This chapter also highlights the current state of the information flow 
within the business using current state map and identifies future 
possible improvement with the implementation of BIM application. 
Detailed process change proposals and the actual implementation is 
covered in the Chapter 05 “System Implementation” 
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3.2 Current Cold Rolled Steel Delivery Status 
 
The identified business unit mainly facilitates illustration using CAD 
software for cold rolled light gauge steel frame systems (SFS) for a 
given construction/building; specify fixings and construction adequacies 
of the structure. In the current business conditions the final design 
output can be separated into two distinguish areas; 
 
1 – Design and drawing production for external walls, where the 
primary structure has been provided for site erection of individual cold 
rolled components. This required a greater extent of detailed drawing 
creation and included the primary structure and its dimensional 
relations to cold rolled secondary components. It will be the installer 
and main contractors responsibility to ensure that correct material take 
off occurs and adequate site activities take place (i.e cutting, fitting) to 
ensure the final structure is according to the drawings produced. 
 
2 – Design and drawing production for walls and floor panels where 
in-house manufacturing and assembly process take place prior to site 
installation. This required the designer‟s spatial thinking about how 
each panel needs connecting to each other and what level of detail 
information is required for the manufacturing unit and the factory 
assembly process. Upon factory assembly of each Floor/Roof Panel site 
delivery takes place where installers use GA drawings to locate and 
assemble panels together. 
3.3 Review of Current Design Output Standards 
A review of standards generated an understanding about the future 
requirements of the drawing standards and how to adapt these for the 
new business areas (e.g. Mezzanine floors, Load bearing structures 
etc…). 
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All the information covered in the following sections is detailed in the 
business Quality Assurance process under Design Drafting Standards.  
3.3.1 Drawing conventions 
In the drafting standards there are number of elements to be fulfilled 
 Layers 
 Drawing reference/numbering 
 Drawing notes  
 Symbols 
 
 
 
Detailed information on the above drawing standards can be found in 
(Appendix 3.1) 
3.3.2 Standards Hatch patterns, Line types, and Notes 
 
Apart from standard drawing conventions the business unit uses a 
number of Hatch patterns, Line-types, Notes and symbols. These are 
unique elements in drawings. These drawing elements need to remain 
consistent throughout the drawing production. 
                Figure 3-1  Drawing conventions 
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Up to date Hatch Patterns, Line types and Notes can be found in 
(Appendix 3.2) 
3.3.3 Typical panel layout design 
 
These drawings basically contain the area of SFS work in the building 
and the plan view of the construction site with grid line representation. 
The drawings will lead to further clarification and upon approval will 
lead to any change control documents based on additional work 
requested by the client. 
 
Figure 3-3  Panel layout design 
Figure 3-2  Hatch patterns, Line types and Notes 
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A4 scaled panel layout design can be found in (Appendix 3.3) 
3.3.4 Typical Floor setting out drawing 
 
The purpose of the plan drawing is to indicate the correct positioning of 
the Head and Base track within the building with respect to the plan 
layout. These drawings provide the basic information for the site 
engineer to mark up correct location prior to installation of horizontal 
tracks and leave appropriate gaps for window openings and other 
interfering elements. 
Typical floor setting out drawing can be found in (Appendix 3.4) 
3.3.5 Typical Window drawings – Type 01 and Type 02 
 
In the design section, it is unique to get comprehensive window 
construction drawings. Since these drawings are used to construct the 
SFS around the window opening, it needs to embed construction 
instruction, close up view of the specific window and the location in the 
building. Additional information and colour-coded components also 
need to be on the drawing. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-4  Typical Window drawings 
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A typical window drawing Type 01 can be found in (Appendix 3.5) 
 
Depending on the client‟s requirement and the design technician‟s 
ability, the amount of information in the window drawing can be varied.  
This will tend to contain more floor levels, cross sectional views and 
cladding information. Typical window drawing Type 02 can be found in 
(Appendix 3.6) 
 
3.3.6 Typical Elevation drawings 
 
The elevation drawings, based on the size and orientation of the 
building, tends to illustrate most of the information about each 
elevation of the building. Typical information in Elevation drawings 
contains; 
 Window openings 
 Wind zones 
 Varied stud spacing with respect to wind zones 
 Gird lines and dimensions to window openings  
 Floor levels  
 Typical stud heights and height between structural elements 
 Plan representation of the elevation section 
 
Figure 3-5  Typical Elevation drawings 
 
Detailed elevation drawing can be found in (Appendix 3.7) 
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3.3.7 Typical Façade Details 
 
Depending on the number of different façade types, there is a need to 
show detail drawings of how the cross section looks in the each façade.  
This information needs to be able to indicate all the fixings, insulations 
and façade systems. 
 
Apart from the cross section view, the designer should have the 
freedom to select an isometric view of the section and indicate relevant 
components to ease understanding.  
 
Figure 3-6  Typical Façade Details 
 
Typical façade details can be found in (Appendix 3.8) 
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3.3.8 Typical Detail drawing 
 
These drawings need to show more detail of the SFS system fixing 
procedure. 
Typical information in the drawings includes 
 Accurate dimension for structural elements 
 Stud and track position and accurate dimension from gridlines 
 Engineers specified fixings. 
 
Figure 3-7  Typical Detail drawing 
 
A typical detail drawing can be found in (Appendix 3.9) 
3.3.9 Typical Roof Detail 01 and Detail 02 
In a typical roof drawing, the designer may tend to create a fully 
isometric view of the roof construction and as much detailed 
information about bolt connections and fixings methods. 
CHAPTER 3 -CASE STUDY OF SME PREFABRICATOR  
 
-58- 
 
  
Information on the drawing includes 
 Full isometric view of the roof construction 
 Detail drawing of the connections and joints 
 Construction notes 
 
Figure 3-8  Typical Roof Detail 01 
 
Typical roof detail 01 with additional information can be found in 
(Appendix 3.10) 
 
There is a need to illustrate section and elevation views of the roof 
sections. These drawings need to show accurate dimensions and height 
levels of the roof construction. 
 
Typical information in the drawing includes; 
 Accurate stud and track lengths 
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 Ariel view of the construction with panel numbering 
 Grid references and dimensions  
 Height levels and specific  construction notes 
 
 
Figure 3-9  Typical Roof Detail 02 
 
Typical roof detail 02 can be found in (Appendix 3.11) 
 
3.4 Current Problem Identification 
 
This section analyses the current process in the design and 
manufacturing units. In so doing it aids understanding of the process 
and current problems encountered by staff on a day to day.  
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3.4.1 Business Software users 
 
Currently there are 09 employees working in the Design unit. Out of 
nine, five of them use AutoCAD on a day to day basis. Even though 
there are only three of them that are heavy users of the AutoCAD LT 
software (Design Manager , Project Designer, Design Technician). The 
Company uses AutoCAD 2005 LT version for its design purpose. This is 
very basic but accurate software system from a purely drawing aspect.  
3.4.2 Information sources 
 
In the current situation the business requires drawings from architects 
and structural engineers. At the same time wind load calculations and 
allowable deflections and tolerances for the construction need to be 
obtained from the client. The Draftsman use the architectural drawings 
and structural engineer‟s drawings as the base reference to draw SFS 
output. This information is combined to produce a Design Report.  
3.4.3 Current Process Difficulties in Design 
 
Table 3.1 highlights specific areas considered within the design service 
section and what are the current problems and its impact to the day to 
day running of the business. 
THEME DESCRIPTION IMPACT 
Basic outputs 
 
 AutoCAD LT acts as a drawing board 
and minimum intelligence is evident in system. 
 Designer/ Draftsman need to keep all 
the calculations and dimensions in mind.  
 User needs to visualise the output in 
his/her mind before they initiate the drawing 
 More technical time 
to produce fine drawings 
 mistakes lead to 
more time required from 
employees 
Parametric 
Intelligence 
 AutoCAD LT is only capable of 
producing basic 2D drawings; the gravity of 
the information is fully based on the draftsman 
and design technicians capability and correct 
perception of the project 
 Not addressing 
most of the client desired 
requirements 
 opportunities 
missed with inability to 
respond quickly 
Primary 
information 
analysis 
 
 Currently it is difficult for the design 
team to understand any hidden problems 
within a given construction/building.  
 The software is not capable of 
producing any clash collision or 3D 
visualisation of the construction 
 Spending more time 
in solving design issues 
 Leads into wrong 
directions. 
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Communication 
opportunity 
 
 AutoCAD LT is only capable of 
producing basic drawing with a great deal of 
input data from draftsman, currently the 
software is not in a position to produce any 
CNC coding, part lists and Bill of materials 
 Missed 
opportunities due to not 
been able to produce CAM 
facility. 
 Time consuming 
activities for the 
manufacturing department. 
Drawing 
Modifications 
 
 AutoCAD LT is basic technical 
drawing software, the modifications to a 
finished drawing creates a higher work load 
for the draftsman. Because parametric 
modelling features do not exist within the 
software draftsman needs to modify the 
drawing line by line, which is time consuming 
and creates room for errors. 
 Time consuming, 
missing actions 
Drawing 
preparation 
 
 Currently draftsmen tend to use a 
number of pre-drawn details to start up new 
construction drawing. This will help the 
draftsman in some extent but increases the 
possibility to contain unwanted or extra 
information to clients which leads to confusion 
 Lack of rapid 
development 
 Increased lead time 
due to drawing 
modifications. 
Interdepartment
al features 
 
 AutoCAD LT comes with minimal 
management functionality.  
 Requires expertise to use the 
software to deliver technical drawings, other 
departments such as marketing/sales 
manufacturing use the software to the 
minimum in their business activities. 
 Compared to features of other 
software’s in the market AutoCAD produce 
minimum functions 
Missed opportunities (fine 
tuned project planning, 
central database systems, 
developed marketing 
actions) 
 
Table 3-1 Current prefabricators process difficulties - Case Study 
 
3.4.4  Current Process Difficulties in Manufacturing 
 
The main information source for the manufacturing unit is customer 
orders. There are some customers who will place standard component 
orders (e.g set shape, gauge and lengths) on a daily, weekly or 
monthly basis and there are some customers who will place orders 
based on the SFS construction specified by the design team. According 
to the above differentiation, there are manufacturing plant specific 
products and design sector specific products. The following highlights 
specific difficulties which could be resolved via appropriate BIM 
application. 
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3.4.4.1 Mill Machines 
 
There are only a limited number of Mill machines which will be able to 
receive NC coding. The design departments specific components need 
to contain specific NC codes to run dedicated mill machines. Currently 
NC codes based on the order and drawings received from the customer 
are created by a production planning person in the manufacturing plant 
(manually). 
3.4.4.2 NC code generation 
 
At the moment there is a manual data entry process to create NC 
coding for mill machines. The majority of this manual code generation 
involves the order coming from ordinary customers with special 
requirements. This also is narrowed down to one mill machine (Mill 03). 
Currently it can distinguish components which require NC coding into 
two categories. 
1- simple products with only the cut length 
2- Complex products with cleat holes and service holes – this falls 
into another sub categories based on the punch holes on the 
component web. 
a. Single Holes in series 
b. Paired Holes in series 
c. Paired Holes + Service Holes in series 
d. Single Holes + Service Holes in series 
 
Currently, based on the initial processed data, a requirement exists to 
check the BOM for a given order and check the existing stock and 
material for the production. The process planning procedure is solely 
based on the order information retrieved from the financial order 
system and the personal experience of the process planner. Since the 
financial order system does not show proper communication in-
between separate functional areas, there is a duplication of works. 
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When creating CNC coding for complex products, the production 
planner/NC coder need to ensure that all the data that appears on the 
customers drawing is inserted into the NC code. Based on the 
complexity of the product, the NC coding generation procedure can be 
a lengthy repetitive procedure. Also the NC code error checking 
procedure is also a time consuming human activity. 
3.4.4.3 Order Processing 
 
Currently the company has accounting software (OPERA) which 
captures all the orders received from the customers. This needs a 
human interface to submit all the orders into the system. By entering 
this data basic information for the relevant NC code generation is 
created. The computer system used for the order processing is not 
manufacturing specific, and is focused more towards financial control 
and the account handling process. 
 
With the current status of manufacturing there is a mandate 
requirement to process all the customer orders through the above 
system. This creates the definite requirement for 3D modelling 
software to link directly with the OPERA system and process data which 
should decrease the number of human computer keying processes. 
3.5 Business current state map 
 
In order to understand how the information flows within the business a 
current state map of the business unit was generated. This current 
state map provided vital information on how the electronic data 
transmission takes place linked with the physical creation of the design 
output as well as the required material by the customer. Having the 
current state of the business process captured in this graphical state 
allowed the identification of possible improvement areas during the BIM 
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implementation stage during the research process. Detailed view of the 
current state map can be found in (Appendix 3.12) 
 
Figure 3-10  Business current state map – SME Case Study 
 
3.6 Conclusion 
 
The real-time commercial entity process analysis provided a greater 
understanding of the prefabricator‟s day to day functional 
requirements. Process understanding leads towards selecting the 
correct benchmarking criteria to select the required BIM applications 
and to undertake the required modifications to the selected system. 
During the course of the research by understanding the current 
difficulties helped the research to come up with novel solutions for the 
future implementations. 
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CHAPTER 4 RESEARCH METHODOLOGY 
 
4.1 Introduction 
 
The latest trend in the construction industry is focusing towards offsite 
prefabrication. This yields numerous benefits in terms of cost, quality 
and time compared against traditional building methods. According to 
the Phillipson (2001) some of these well known offsite prefabrication 
methods include Precast Concrete, Timber Framing and Light Gauge 
Steel Framing.   
 
In a similar manner the use of ICT in the construction industry has 
shown a greater improvement with regards to data exchange and the 
communication between different entities within the industry. This has 
lead to the development of the Building Information Model concept 
which ultimately allows the parties involved in a given construction to 
collaborate to reduce the data and human error in-return of reduced 
cost and time with increased quality in data transfer between such 
parties. 
 
Even though these two technological improvements are in place to 
enhance the industry inline with government targets, (1) Off-site 
Prefabrication and (2) Building Information Model, it is evident through 
current architectural and construction practises that the facilities 
available to utilise prefabrication methods and techniques within a BIM 
environment are not satisfactory. This is due to the nature of largely 
fragmented construction industry and prefabricators keeping hold of 
their methods and techniques to achieve an advantage over 
competitors (Bradfield, 1983). This ultimately results in initial building 
specifiers not being able to apply prefabrication solutions and obtain 
the advantages during the schematic stage of a given construction. The 
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case study has shown that the time the project concept comes to 
tendering level involvement of prefabricators is starting to emerge, 
which results in data re-entry and impacts on the construction timeline 
and cost due to re-specifying information specific to a given 
prefabricator. 
4.2 Aims and Objectives 
 
The aim of this research is to investigate the real-time requirements 
from the off-site prefabricators point of view and implement an off the 
shelf BIM capable software tool to utilise in the prefabricators design 
process covering information exchange and modelling aspects. By 
engaging with a live business entity to implement real time BIM 
solution would provide  an understanding of the day to day design 
process and to gather specific empirical information to embed into BIM 
system. Based on the research criteria it is also necessary to build up a 
confidence in real-time commercial decision makers (in a selected 
Small Business Enterprise – SME) to utilise Building Information Model 
concept within its prefabrication environment to fulfil strategic goals of 
the company. 
  
With the above discussion in mind, the following objectives were 
identified as key milestones of the research process: 
 Understand the design and engineering processes within a 
prefabricators environment 
 Select a suitable BIM software package for the prefabricators 
activities 
 Learn the current available modification facilities within the 
selected BIM application 
 Undertake required modifications within the selected BIM 
application 
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 Use the BIM application within a prefabricator‟s environment and 
seek further opportunities for future developments. 
 Analysis of the live project performance and evaluate it against  
the research targets 
4.2.1 Scope of the Research 
 
In this research instead of collecting data about the effectiveness of 
incorporating prefabricators upstream and downstream information 
flow into a selected BIM application, emphasis has been given to find 
practical ways to establish the connectivity. Data and practical 
difficulties found during the course of implementation have been 
captured and analysed to rectify ongoing issues and to determine 
future possible concepts with reduced difficulties. 
 
As referenced above research data collection was mainly completed 
working within a SME unit and to an extent with the use of published 
text, case studies, articles, journals, academic databases, commercial/ 
non-commercial internet sources, specific reports and conducting one 
to one interviews with software vendors and clients 
 
The research has given the opportunity to live test a number of 
software application in the UK construction industry and assess its 
capabilities towards Cold Rolled prefabrication technology. The 
research has been focused towards the Cold Rolled steel application 
even though a number of software vendors have already incorporated 
Timber Framing applications into their modelling and detailing 
applications with the aim to streamline the design and manufacturing 
process relating to prefabrication. However, the details of the Cold 
Rolled Steel manufacturing company could not be disclosed due to its 
organizational restrictions and sensitivity of its internal information. 
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The research frame work has been scheduled around a strategic 
project undertaken by a Cold rolled company under its amalgamation 
with the Department Of Trade and Industry - UK and local Knowledge 
Based Entity (University of Wolverhampton). Initial criteria of the 
project was to “Establish CAD/CAM capabilities and to quicken the 
design to manufacturing process achieving economies along the way”.  
 
With the implementation of a new 3D modelling software package with 
its advance capabilities the company expected to gain the following 
advantages: 
 Accelerated introduction of new products 
 Increased market share in both UK and European markets 
 Increased job security, as efficiency improvements will enable 
competitiveness in the manufacturing sector 
 Cultural Change through the standardisation and implementation 
of quality systems allowing the interaction of all staff, so enabling 
development, improving motivation, R and D , staff turnover and 
growth through increased productivity. 
 Improved response times and customer service through 
improved quality and product information. 
 Increased customer reaction capitalise on future market 
opportunities. 
 Efficiency gains in production, technical and business processes. 
 
In order to achieve the above benefits and to simultaneously undertake 
real time testing and implementation of a BIM capable of 3D modelling 
software solution this research was based on two main elements. 
 
 The commercial element 
The research activities focused on current and future construction 
industry capabilities and technology trends with relation to 
Prefabricated Cold Rolled steel solutions. Current business process 
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difficulties assessed in-order to get a clear view on the future technical 
implementation strategies.  
 
 The Information technology element 
It is focused to ascertain knowledge and thorough understanding of the 
current construction industry related to 3D modelling tools and their 
capabilities to facilitate cold rolled steel construction for current, future 
design and manufacturing requirements. 
4.3 Overall Research Approach 
 
The following outlines the research methodology utilised during the 
research lifecycle. Having an outlined methodology in place helped to 
gather the required information and structure the research. This has 
also helped to formulate correct chapters within the final thesis in a 
manner the reader will be able to guide themselves efficiently. 
 
Many researches authors have highlighted the terms primary/ 
secondary research. But in this live solution implementation based 
research approach, a less emphasis is given to distinguish between 
primary and secondary research is. Although, Hussey and Hussey 
(1997) has defined primary data as original data collected at the 
source and the secondary data which existed before. Also Hussey and 
Hussey have mentioned that secondary data will save time and money 
because data collection was already done by someone else. 
 
The research process adapted a three phase approach to give a strong 
backbone to the overall research procedure. The three phases are as 
follows; 
1. Review – Phase 01 involved desk study to review current BIM 
application capabilities and real time prefabricator‟s business 
understanding and requirement analysis 
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2. Implement – Phase 02 involved in the selection of a suitable 
BIM software package for the prefabricator‟s requirements, in-house 
modification to the BIM package to incorporate Prefabricators 
manufacturing techniques and data exchange standards. During this 
phase the benefit to be achieved by the prefabrication sector were to 
be assessed and real time implementation process took place. 
3. Evaluate – Phase 03 up-to-date achieved benefits analysed 
alongside initial objectives (Chapter 04, Section-4.2) review. Based on 
the ongoing IT and prefabrication industry improvements for the future 
enhancement to the Building Information Model would be reviewed. 
Finally the conclusions made based on the outcome of the project. 
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4.3.1  Phase 01– Review 
 
During the initial stage of the project, the research undertook the 
literature review phase. The literature review stage involved 
investigating two separate technology improvements within the 
construction industry. Firstly the prefabrication technology and its 
current popular practices and immediate future trends, secondly the 
Building Information Model solution developed in a construction 
industry. Along side the BIM applications the literature review extended 
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Figure 4-1  Research Framework 
CHAPTER 4-RESEARCH METHODOLOGY 
 
-72- 
 
to investigate productivity gains and efficiency achievements obtained 
via BIM solutions in construction industry.  
 
At the later stage in the literature review, particular attention was 
given to real world examples of a Building Information Model usage 
and its achieved benefits. This example provided facts for the research 
to focus on and concrete benefits could be achieved by incorporating 
prefabricators information into Building Information Model. 
4.3.1.1 Literature review 
 
It is essential to carry out a literature review to understand the subject 
matters based upon published documentations. Borg and Goal (1989) 
also highlighted even though the thorough review of the literature is 
obvious and it has more frequently sighted than any other phase of 
research, the insights gained through the review will save as much 
time as conducting project as the review itself required. 
 
Since the research is about two separate industrial elements ICT and 
the Construction design and manufacturing and its interaction with 
each other it was vital to understand the current status of the two main 
elements (1) Prefabrication In Construction (2) Building Information 
Model. During the literature review it became apparent that the BIM is 
still an evolving concept in the UK construction industry and at the 
same token prefabrication solutions are also in its rapid development 
stage within the UK construction market. According to Leedy (1997) 
there are 8 specific benefits that can be achieved during the literature 
review. 
1. Reveal investigations similar to your own which can highlight how 
other researchers methodical and related design issues 
2. Describe methods of dealing with problem situations that may be 
similar to difficulties you are facing. 
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3. Reveal to you sources of data that you may not have known 
existed 
4. Introduce you to the importance of research personalities whose 
work and collateral writings you may have not known 
5. Help see your own study in historical and associational 
perspective and in relation to earlier approaches to the same 
problem 
6. Provide you with new ideas and approaches that may not have 
occurred to you 
7. Help you evaluate your own research efforts by comparing them 
with the similar efforts of others 
8. Increase your confidence in your selected topic if you find that 
others have an interest in this topic and have found value in 
investing time, effort and resources in to its study. 
 
The total research has been conducted within a cold rolled steel 
prefabrication environment. The sole purpose of this participation was 
to identify different design and manufacturing processes involved and 
design input/outputs in latest steel panel prefabrication and assembly 
process. Also the exposure gained within the manufacturing process 
helped to understand what day to day requirements were needed for 
the assembly process and what type of information was provided back 
to end users. 
  
An understanding about the current business process later identified 
the future business procedures and what changes were required. By 
critically analysing the current situation against the future market 
trends and the business vision, selection process took place to 
recommend the best suitable 3D modelling and BIM capable software 
package. Accumulation of the knowledge of the prefabricators 
requirements structured into a case study for ease of review and to 
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clearly explain the real time business solutions in construction  
industry. 
4.3.1.2 Case Study 
 
A live commercial entity case study was undertaken to highlight the 
prefabricator‟s requirements in order to merge with the latest Building 
Information Model. Leedy (1997) argues that a case study is normally 
conducted to shed light on a phenomenon, be it a process, event, 
person or object of interest to the research. He points out that “a case 
constitutes a single instance of the phenomenon”. According to Gall et 
al., (1996) “researchers generally do case studies for one of three 
purposes: to produce details descriptions of a phenomenon, to develop 
possible explanations of it, or to evaluate the phenomenon”. 
 
The case study allowed the real situation in a prefabrication entity in 
the UK construction industry to be reviewed. The case study creates 
the real world picture and guided the research towards future 
improvements required. According to Winston, (1997) there are three 
types which case studies can be categorised exploratory, explanatory, 
and descriptive case studies. Current research work undertook in a way 
as an exploratory where fieldwork and real time data collection 
undertook prior to definition of the research questions and hypotheses. 
 
By spending time in the field to understand the requirement as well as 
to provide solutions via experimental methods was vital for this 
research. This concurs with the Bakeman and Gottman‟s (1997) 
recommendation; 
 
“That you need to spend a year in the field in order to fully exploit your 
success, in order that you may get random sample, a range of 
unanticipated events and deep familiarity”  
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The expenditure for time spends on field was not an issue in this 
research due to the fact that the research was based around a 2 year 
commercial project funded by local business entity and Department of 
trade and Industry –UK. Lewis and Ritchie (2003, p.34) highlighted 
that method of study can be decided based on the budget available 
and, is often the reason for small scale qualitative research projects. 
4.3.2 Phase 02 – Framework and Implementation 
 
With an understanding of the business future requirement and 
immediate design procedures benchmarking criteria was formulated to 
assess different BIM capable software packages.  During the 
benchmarking stage discussed the prefabricators design and 
manufacturing requirements with software vendors. This helped the 
research process to rationalise the selection outcome and decide the 
closest 3D modelling package with its features gearing towards basic 
requirements of a BIM package. Upon identifying a suitable BIM 
capable software package a real-time business proposal was put 
forward for the prefabrication business decision makers and approval 
took place. 
 
Once acquisition of the software package had taken place in-house 
modifications took place to enhance the current features within the 
software to facilitate Cold Rolled Prefabrication requirements. During 
incorporating the prefabricator‟s information into the BIM system the 
following updates to the BIM system took place: 
 
 BIM system update with prefabricator‟s product range and its 
specific information including geometry, prices and material 
properties. 
 Development of modelling techniques to maintain prefabricators 
manufacturing and installation techniques and replicate the real 
site situation within the modelling environment. 
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 Development of the data presentation standards specific for 
prefabricators design and manufacturing environment (i.e Part 
Drawings, Assembly Drawings, Manufacturing reports and 
product call offs) 
4.3.2.1 Benchmarking 
 
During the research it was a necessity to select a BIM software 
application package to use within the live commercial project. Within 
the given time frame numbers of 3D modelling software solutions were 
identified and software vendors had been invited to demonstrate their 
software capabilities. During the demonstrations, questions were raised 
based upon the primary requirements of the BIM system. As depicted 
in the case study section having a firm understanding of the business 
entity allowed a listing of questions to be raise during interviews thus 
narrowing down the software facilities towards specific requirements of 
the cold rolled steel fabrication industry. 
 
According to Camp (1995 p.15) Benchmarking's primary objective is to 
understand practices that will provide a competitive advantage; target 
setting is secondary. In this research, using benchmarking exercise 
was to identify the most suitable BIM application to bring onboard and 
modify according to prefabricators requirements. 
 
Even though the benchmarking is mostly used to compare processes 
between organisations, according to Tutor2u.net (2009) benchmarking 
is the process of identifying "best practice" in relation to both products 
(including) and the processes by which those products are created and 
delivered. The search for "best practice" can take place both inside a 
particular industry, and also in other industries 
 
A requirement of the research was to identify the most suitable BIM 
capable 3D modelling package by comparing different applications 
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against required criteria. When there are number of products available 
and none have been used to an extent to understand its advantages 
and disadvantages, the use of a benchmarking exercise was useful to 
compare the most critical required elements within such products. 
According to Holloway J (1993), the critical characteristic in 
benchmarking is how inputs are transformed into outputs that 
attainment of superior results can be pursued effectively. 
4.3.3 Phase 03 – Analysis 
 
Towards the end stage of the research, thorough analysis took place to 
assess the benefits and efficiency gains achieved via usage of Building   
Information Model and its facilities. For the efficiency analysis, real 
time live jobs performed using a BIM solution were assessed against a 
similar types of construction projects conducted using traditional design 
software packages. 
 
For the efficiency and benefit analysis the data recorded within the in-
house job management system was accessed to assess time spent by 
different individuals on live projects. These data entered into live 
projects has been carefully segregated to ensure different job specific 
information were filtered to analyse the improvements against previous 
designing techniques. 
 
4.3.3.1 Method for analysis 
 
The key aim of analysing the live project data within this research was 
to understand the concept of incorporating prefabrication 
methodologies into the BIM, and was it capable of delivering benefits to 
the current construction process. During the analysis due to limited 
information available within the whole supply chain consideration had 
to be given only towards prefabrication sector improvements through 
benefits drived from BIM. 
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In order to measure the benefits gained via BIM applications reliable 
data had to be used. According to Helberg.C (1995)  
“Reliability refers to the ability of a measurement instrument to 
measure the same thing each time it is used. So, for instance, a 
reliable measure should give similar results if the units (people, 
processes, etc.) being measured are similar. Additionally, if the 
characteristic being measured is stable over time, repeated 
measurement of the same unit should yield consistent results” 
During the research period within selected business unit data 
management system used to abstract time spend in projects conducted 
using BIM application and in traditional 2D CAD design platform. 
Comparison of the data allowed determining the efficiency gains and 
extra benefits achieved by using BIM application. 
 
According to George.W (2003), Philosophers divide data into at least 
two different categories, observational, historical, or empirical data and 
experimental data. During this research, in order to assess the 
practical benefits achieved through the use of BIM application, 
historical design project data obtained via above mentioned a job 
management system. In order to categorise and assign a complexity 
for the projects to be conducted empirical data was used which was 
within design team members.  
 
According to Eddington (in George, 2003 p.198) identifies third type of 
data labelled hypothetical-observational data, which is based on a 
combination of observation and information supplied by theory. During 
the research some observations were made specifically based on what 
theories were suggested during the literature review. Based on 
previous studies research gave specific emphasis to new experience 
gained via BIM application to assess the hypothesis statements. 
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4.4 Possible Problem Formulation 
 
While practicing the above research methodology, possible problem 
scenarios were formulated in order to maintain the direction of the 
research process. As the case, in the real world the information is 
rarely available that completely defines the problem to be solved. 
 
One of the most challenging parts of this research was to identify and 
investigate the common associated problems within BIM relating to 
Prefabrication design and its manufacturing process flow. With the 
limited access available to a varity of prefabrication technologies in 
use, selected 3D modelling software application articulated towards a 
single business unit. Assumptions had to be made that the basics of 
modelling and information required for the manufacturing are to be the 
same amongst similar cold rolled steel prefabrication units. 
Concentrating the BIM facility development towards a single 
prefabricator‟s requirement identified a potential issue regarding the 
wider acceptance of BIM solution among prefabricators environment.  
 
The research process also identified the lack of live projects available 
at the time of data analysis and efficiency gain comparisons. During 
the research it was a requirement to thoroughly assess the available 
project information to undertake benefit analysis for the implemented 
solution.  
 
Due to the and budgetary constraints, the project had to identify a 
single BIM application for further modifications taking into account any 
prefabricators design and manufacturing information. Acquisition of the 
BIM application real time modification and updates took place as part 
of the ongoing strategically important project of the selected small 
business entity. 
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One of the ongoing problems identified by the research was software 
vendors not having extensive knowledge about the cold rolled steel 
prefabricator‟s business process requirements. During the software 
modification process this had to be overcome by educating software 
vendors on the actual requirements and seek possible solutions to 
represent prefabricators information in the given BIM environment 
using existing facilities.  
4.5 Conclusion 
 
This chapter explained the three phased research methodology utilised 
in this study. Particular reference to the activities within each phase 
given and specific tasks performed within each phase have been 
reviewed against its validity and the importance to the research.  
 
This chapter enabled the project to proceed with a clear view to deal 
with the problems highlighted with a vague notion. This chapter also 
provides a basis to streamline data collection processes in order to 
analyze and to create foundation for the proceedings. In order to drive 
the research process forward the possible problems for the study had 
been highlighted and necessary action took place during the study to 
mitigate any negative effect caused to the study process. 
 
One of the main focal points of the study was to development of a 
novel framework to link existing construction prefabricator‟s 
information in top BIM applications. This framework would allow the 
BIM users that exists at different stages of the project to utilise the 
latest albeit unique prefabrications techniques without being dependant 
on specific subcontractors. Based on this approach described, the 
following chapter‟s present the implementation of a BIM framework in a 
cold rolled steel prefabricator‟s environment. The later benefit can be 
derived by an implemented system via speeding the construction 
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design process by readily available prefabrication information 
generated at early stages of the design process. 
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CHAPTER 5  PREFABRICATORS REQUIREMENTS AND 
BIM TOOL KIT SELECTION 
 
5.1 Introduction          
   
This chapter identifies current and future business requirements based 
upon the business case study (Chapter 3) and possibilities of BIM 
application. The identified primary requirements provide the pathway 
to a selection criteria for the future BIM application. During the 
research, three phased selection process took place to correctly identify 
the best BIM application suitable for the identified prefabricator‟s 
environment. In order to supplement the changes in the business 
process the BIM application had to be modified to suit cold rolled steel 
manufacturing requirements (Chapter 6). 
 
During the first part of the chapter, detailed descriptions about future 
expectations of the business as well as the minimum capabilities of the 
BIM application should contain were discussed. It also identifies the 
future process changes and its advantages and disadvantages to 
current business practise. In the latter part of the chapter, in-depth 
explanation took place to provide procedures that took place to select 
the final BIM application package. 
 
Two selection of the possible BIM application package was followed by 
a recommendation to the SME unit for formal acquisition of the 
software. Chapter 6 then describes the modifications that took place in 
selecting the software package to deliver cold rolled steel prefabrication 
process. 
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5.2 Internal business requirements with respect to 
design 
 
The design process is the key business activity in the selected business 
unit. Currently, the unit provides different types of light gauge steel 
frame system designs for the UK‟s construction market.  
 
During the research, much attention given to design related facilities 
expected by different stakeholders within the design team from the 
new BIM application, in addition to initial capability of 3D modelling. In 
below specific stakeholders been highlighted and their requirements 
with relation to current business process have listed to obtain a snap 
shot of current design requirements. 
 
Project Designers 
Should be able to: 
1. Clean out architectural information 
 Make the initial start-up easier 
 Identify clear scope of work by looking in to key elements of a 
given structure (e.g - Slab/Steel positions, Grid lines, Levels, 
Zone of Steel Frame System (SFS), Window/Door openings, 
Façade information or bracket usage) 
2. Draw stud and track with fixings and brackets 
 Ability to create drawing without creating every line 
 Ability to have much intelligence (mass, size, profile) 
 To insert fixings quickly and automatically 
 Auto created pans/Sections/Isometric/brackets/ fixings. Need 
to be inserted into standard box and boarders. 
3. Create Drawings Automatically 
 Auto separate bay drawing while adhering to current quality 
standards. Should be able to insert isometric and assembly 
views 
CHAPTER 5-PREFABRICATORS REQUIREMENTS AND BIM TOOL KIT SELECTION 
 
-84- 
 
4. Retrieve  more intelligent information from the model 
 Supply Bill of materials 
 Provide more information than just the drawing 
 Automated revision monitoring 
 Generate different drawing and report outputs 
 Eliminate the need for manual modifications (Hatching, 
dimension etc..) 
 Auto-rendering facility 
 Auto inserted levels and dimensions  
 Ease on isometric views insertion 
 Labels and part list and qty to be created (fully or semi 
automated) 
 Details and plans 
5. Insert additional information (British standards / Fixings / 
Insulations ) 
 Standards should give reference in drawing 
 Hazard flags in the drawings   
 Transport information  
6. Create NC coding for selected areas 
 Specific file format 
 Allow for potential changes 
7. Provide drawing output to the current business unit design and 
quality standards.  
 
Structural Engineers / Design Engineers 
Should be able to: 
1. Review the external CAD drawings and determine scope. 
2. Use CAD drawing to produce 1 or 2 simple bay drawings. 
3. Use external CAD drawings for calculations (i.e. structural 
opening sizes) 
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Marketing and Sales Personnel 
Should be able to: 
1. Create 3D visuals for marketing activities 
2. Provide minimum necessary data during the sales enquiry stage. 
5.3 External business requirements with respect to 
design 
 
Based on the design solution required by the client according to a given 
construction, the process used for the design/engineering and drawing 
output standards had to be different in its context. Based on the 
current design product types that business unit is capable to provide, 
following modelling/drawing requirements identified. 
 
 
Product Type Requirements 
Infill  Basic detail – ISO 
 Bay/Plan drawing (Setting out) 
 Layout drawing 
 Design report 
Over sail  Detail design – ISO 
 Bay/Plan/Elevation set out 
 Layout 
 Design report 
Mezzanine 
flooring 
 Detailed design 
 Fabrication / Cut list 
 Qty and call  off materials 
 Report (Caveats) 
Load Bearing  Detailed design and specification 
 Fabrication drawing 
 Thermal/Acoustics/Fire information 
 Elevation and Bay detail – ISO standards 
 Fixings / sheathing 
 Design report 
Roofing  Detailed design and specification 
 Fabrication drawing 
 Thermal/Acoustics/Fire information 
 Elevation and Bay detail – ISO standards 
 Fixings / sheathing 
 Design report 
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Table 5-1  Cold Rolled Steel design External Business requirements 
5.4 Features of the Proposed System 
 
The future design and manufacturing process in the business can be 
described in two separate sections. First one for the building system 
already in place. Where the customers install individual products on 
site based on the elevation and plan setting out drawings produced by 
the design department. This system is referred in this thesis as SFS 
system.  
Second product type is the panel manufactured in the factory 
environment based on the drawings produced by the design 
department and include the required boarding and insulation 
components for the panel followed by transporting to site for quicker 
installation. During the thesis this process was called as the Freeframe 
system.  Implementation of the Freeframe system within the Business 
unit was an ongoing exercise during the research period and due to 
this reason the research was only able to predict and specify how the 
future Freeframe system would take place. 
5.4.1 SFS Design Process in BIM Environment 
 
 In house design team will be able to design the SFS construction 
areas in 3D modelling software.  
 Structural components covered under 3D modelling will be 
o Infill panels (Party walls, External walls) 
o Over-sail panels (External Walls) 
o Roofing and Flooring Section 
 Required area of the building will be designed as a set of panels 
and it is to span in-between the main structural components (e.g. 
Concrete columns, Steel columns) or as load bearing structure. 
 Each and every panel will contain more than one of following 
components 
o Main components 
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 Studs 
 Tracks 
o Secondary components 
 Bracings – flat straps 
 Gusset plates 
 Cleats and brackets 
 Studs and tracks will be specially manufactured (with separate 
dimple punches and service holes) for ease of locating together 
and to facilitate rapid site fitment. 
 Onsite installation will be accurate and precise. 
 Panel will include a unique number ID and all the components 
relating to particular panel will contain a unique ID. 
 When undertaking the designing, the designer will include a 
specific panel ID into each and every bay. This can be done 
automatically through numbering procedure in the 3D software 
 Assembly drawing will be produced for each bay of the building 
indicating a unique ID number of the entire panel and the 
components of the assembly.  
 Based on the onsite build schedule or according to customer 
preference, CNC codes would be produced and an order will be 
placed on the receipt of the customer acknowledgement. 
5.4.2  Freeframe Design Process in BIM Environment 
 
In the following only major differences in the freeframe system against 
SFS system will be covered. 
 
 In house Design and Engineering will be heavily dependant on 
the 3D geometry within the BIM system to capture clash issues 
and interconnections 
 Primary supporting structure will not present. This removes some 
degree of 3D model required from external engineers and 
architects. 
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 The modelling of the whole building using freeframe components 
will take place (full load bearing cold rolled steel panelled 
system) 
 The model will consist for panels where a panel contain studs, 
tracks, noggins and bracing. In some instances hot rolled 
columns and beams need to be incorporated into the panel for 
extra stability/strength. 
5.4.3 SFS Manufacturing 
 
 In the manufacturing process additional dimple punch station will 
be included. This is to identify the locating position of the stud 
within a given track onsite. 
 All the manufactured components will be stored onsite prior to 
delivery 
 Manufactured components will be sorted according to panel ID‟s 
and will be packed according to each panel sets. 
 Packing procedure should incorporate first fit – last pack (first 
item which need to install will be at the top of the component 
pack) 
5.4.4 SFS Onsite Installation 
 
 On site construction processes need to be educated for the 
correct installation process. 
 Specific panel packs need to be delivered to the required panel 
locations in the construction sites. 
 Installation process should follow the panel construction drawings 
specified by Business Unit. 
 Animations/process sheets need to be distributed under company 
QA procedure to educate installers for the correct installation 
procedures. 
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5.4.5 Impact on the current SFS process 
 
 New material call off procedure by design department or by any 
appropriate Design, Construction and manufacturing co-
ordinating personnel. 
 Proper coordination between construction site; real time surveys 
against 3D model data prior to manufacturing process. 
 Required onsite/offsite component storage facility and additional 
work force to pick and pack process of panel components. 
 New procedure to accommodate unique components to replace 
damaged item during manufacturing and onsite installations. 
 Stream lined order processing system to accommodate call of 
materials for different panels.  
 Streamlined process to accommodate current SFS component 
range and advanced components with dimpled press in existing 
mill machines. 
 Since panels will be built on site new QA process for installers to 
follow in order to achieve consistency and to reduce any 
discrepancies. 
 New process to change from offsite panel building to onsite 
installation with same type of components (e.g. studs and tracks 
with dimples) 
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5.5 Graphical Representation of Possible Future SFS 
Design and manufacturing Procedure 
 
 
 
 
Based on the current business requirements and the capabilities of the 
current BIM applications, the chart Figure 5.1 outlines the future 
information flow within the business unit. Having a draft process flow 
Client information 
Architects/Engineers/Contractors 
 Plan drawings (CAD format 
2D/3D) 
 Engineering information 
 Build sequence/Build plan 
In house 3D modelling 
 External and internal walling 
 Over sail and Infill systems 
 CDM Risk assessments perform 
CNC codes for the building 
 Panel by panel with unique 
install position number 
 Panel weights and hazard 
information captured 
 
Order Sheets for each panel/ 
For entire building 
 Orders will be entered in to 
Financial system by manually or 
automatically 
 CDM information communicated 
Manufacturing 
 Panel by panel with unique ID for 
install position number 
 Bundle components relating to 
its relating panels 
 H & S information to production 
 
Delivery  
 Panel by panel with unique ID for 
install position number 
 Bundle components relating to 
its panels 
 
 
Installation 
 Install by subcontractors, with 
Banro guide lines. 
 Method Statements to eliminate 
H & S issues 
 
Client Requirements 
 Provide building requirement 
Specification/Engineering 
 In house specifications and 
design 
 In house engineering procedure. 
Figure 5-1  Future Business Process Flow 
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allowed the research to proceed into much important benchmarking 
processes concentrating on key outputs. 
5.6 Possible Benefits With Prefabrication Process 
Changes 
 
Even though a vast number of benefits were available to stakeholders 
while using BIM, the research intended to highlight specific advantages 
and disadvantages to the prefabrication business entity and its 
business process participants 
5.6.1 Advantages for clients 
 
 More accurate installing process for installers. 
 Less need of onsite surveys while installing panels 
 Set components and easy installation guidance for clients. 
 Easy installation and the erection procedure. 
 Minimal or Nil secondary operation required on site (Cutting, 
Grinding, Painting etc..) 
5.6.2 Advantages for Business. 
 
 Business unit will be able to charge premium price on the 
component (to cover extra pre-packing procedure and for slower 
mills), if the components going to be sold as per customer 
requirement.  
 Implement Freeframe pre-panellized system. With predetermined 
components were for the entire building. 
 Greater market share through new product set. 
 More control over SFS production and installation procedure. 
 Enhance the market competencies towards the objectives of SFS 
market leader. 
 Reduced cost on design process and right at first time due to 3D 
visualisation 
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5.6.3 Disadvantages for Client 
 
 Need thorough material co-ordination process while panel 
installation process in place 
  If the components get damaged or had any packing issue (e.g. 
miss labelled, incorrect labelled, racked in wrong order) this 
would have an impact on onsite building process. 
 Have to rely on 3D model data and may have to deal with any 
site issues with cost impact. 
5.6.4 Disadvantages for Business Unit 
 
 Changes in the manufacturing process. From mass 
manufacturing procedures to pick and pack procedures. 
 With current dedicated CNC machines, required thorough process 
planning procedures to cater different customer/design 
requirements.  
 Possible increment in order processing (e.g. lengthy orders based 
on number of panels and individual components) instead of bulk 
orders. 
 Advanced manufacturing procedure to secure correct components 
manufactured and packed according to design requirement and 
client requirements.  
 Additional QA procedures to ensure that all materials have been 
packed according to installers requirement and design 
specification. (e.g. missing components, incorrect labelling, 
damage will have a great impact on building processes). 
 Design or specialised manufacturing planning procedure 
involvement until the last component instalationl on site. More 
data control and additional planning. 
 Increased liability (Site delays, installation errors) also greater 
lead time for design and supply. 
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5.7 Future System Functionality 
 
The scope of post design system specification can be mainly divided 
into two areas. 
 Manufacturing process planning and NC code generation 
 Order processing and interaction with financial requirements. 
 
In this section, the emphasis would be to determine the most 
appropriate solution needed to achieve 3D modelling link to 
software/BIM into the mill machines. 
5.7.1 Manufacturing Process planning and NC codes 
 
Currently the business unit do not possess an electronic system to 
create NC codes and it‟s solely done by process planning personnel. 
This leads to human fatigue and possible errors due to a huge 
concentration which is needed and provided by the given person.  
 
The number of direct customers who order components and design 
based customers who order material based on given design varies and 
at the end all the information will flow into one personnel who creates 
the CNC codes for the mill machine. By creating CNC codes using a BIM 
application it will be only sufficient enough to reduce the time taken to 
manually create NC codes for design based customers and there will 
still remain the need to create NC codes to more complex products 
requested by direct customers. 
 
To resolve the problem of needing to create standalone NC codes for 
customers directly ordering material it is prudent for the business unit 
to create a software application with a user friendly interface. This 
platform also will be able to accept some raw data from BIM system 
and convert it into basic NC codes which will finally drive  the mill 
machines. 
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5.7.2 Order Processing system and Financial Data Base 
(OPERA) 
 
OPERA is the financial system used in the selected business entity. 
Currently, they do not use an electronic system for production 
planning. Up to some extent the OPERA system provides necessary 
information to the manufacturing process planning section. This 
information can retrieve only when orders are entered into the OPERA 
system by the order processing personal. 
 
The down side of the OPERA system is it does not interact within each 
subsection within the system. As an example, the person who 
processed the order needs to handover the information as a hard copy 
to the process planning person, who will again need to retrieve data 
from the OPERA system under the Bill of Material‟s section.  
 
Since all the information such as customer, product, length , quantity  
need to be entered into Opera for accurate invoicing procedure, any 3D 
modelling software or any application which create Bill of materials or 
CNC codes need to be sufficient to provide information to OPERA prior 
to releasing for Manufacturing. This situation was an identified bottle 
neck in the designing and manufacturing process.  
 
To address the above issue, design to manufacturing process needed 
to be streamlined sending information to OPERA to get a proper 
authorisation for production. The available possibilities to tackle such a 
situation are as follows. 
 Continue the current order processing activity – This will slow 
down the design to manufacturing process by holding orders for 
longer process time, and extra work to feed entire building 
information in smaller chunks 
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 Introduce an automated system to enter orders into the system – 
This was currently possible and required to create special price 
lists for each project to the facilitate system 
 Introduce an automated system and manual data entry system – 
by having both systems running parallel would help to address 
regular component ordering customers through manual system 
and design based customers through automated system.  
 
So far the possibilities have been restricted by the capabilities of the 
OPERA system and further investigations and future strategies of the 
organisation need to be evaluated before implementing a proper 
system 
5.8 Software Selection 
 
Based on the business requirements previously discussed, A BIM 
software toolkit was recommended. During the software selection 
process a three-tier approach was used. 
 Assessment Stage 01 – Information gathered from initial desk 
study and current user knowledge about market leading 3D 
modelling software packages, about their basic functionalities and 
type of industries in use of such software package.  Stage 01 
assessment allowed filtering of a number of software packages 
towards stage 02 assessment. 
 
 Assessment Stage 02 - This stage of selection looked more into 
the functional capabilities of the software‟s with specific 
requirements to the construction industry information flow and 
prerequisites of the selected business entity. A selection model 
was used to keep the focused research during the assessment 
and this filtering process short listed 03 main software packages 
which qualified to final benchmarking exercise in Assessment 
stage 03. 
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 Assessment Stage 03 – During the final stage a thorough 
benchmarking exercise was executed. Based on the results 
achieved a recommendation was put forward for the business 
unit to purchase the software package for further modifications. 
 
5.8.1 Software analysis model  
 
During the research the following model was used to assess the 
capabilities of the software. This helped the research to concentrate 
directly on the core functions of the software.  
 
 
 
 
NEW 
SOFTWARE 
EXTERNAL INPUT 
(Architects, online 
drawing 
management) 
CNC + MILL 
AND WASTE 
REDUCTION 
BENIFITS 
3D MODEL 
GENERATION 
CUSTOMISATION & 
DEVELOPMENT 
WITH SOFTWARE 
PARTNER 
BANRO STANDARD 
DRAWINGS 
ADAPT TO FUTURE  
TECHNOLOGY 
ADVANCES 
Figure 5-2  BIM Software Analysis Model 
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5.8.2 Assessment criteria – Stage 01 
 
The research assessed the market software through a general 
understanding of the software‟s and their functionalities. Based on the 
initial study, the research selected a number of software‟s for further 
research in the project (Table 5.2). 
CRITERIA TE
K
L
A
A
D
V
A
N
C
E
 S
T
E
E
L
R
IN
O
S
O
L
ID
 W
O
R
K
S
A
U
T
O
C
A
D
 L
T
V
E
R
T
E
X
C
S
C
 3
D
+
C
O
IN
S
USE IN STEEL INDUSTRY 10 10 2 2 10 8 10 6
USE IN COLD ROLL INDUSTRY 8 9 0 0 9 8 3 4
EMPLOYEE EXPERIENCE 5 3 3 3 9 5 0 1
BUSINESS COMMITMENT 8 4 1 1 10 8 2 1
PREVIOUSLY TRIALED 3 1 0 0 10 3 1 0
AFFORDABLE PURCHASE COST 4 6 1 3 10 5 6 6
3D PARAMETRIC MODELLING 10 9 8 8 0 10 9 8
WORLD WIDE REPUTATION 8 8 9 9 8 6 6 5
TOTAL 60 50 24 26 76 56 37 31
RANK 2 4 8 7 1 3 5 6
GOOD / EXCELLENT/HIGH (10 -07)
AVERAGE (06 -04)
BELOW EXPECTATION/LOW (03-01)
 
Table 5-2  BIM Software Selection 
 
During the assessment, the following considerations were made 
towards giving points under each selected criteria. 
 Point 0 –BIM application, not capable of demonstrating the criteria 
set in the review.  
 Points 1 to 3 – Where the BIM application just demonstrated the 
subjected criteria, that was known to the selected business entity 
or capable of demonstrating very few features as a design tool 
required by the SME. Within this point range, 1 point for the 
lowest demonstrating software application and 3 for the much 
better software application 
 Point 4 – 6 - When the selected software application had been 
used in the steel industry, was known to the business unit and has 
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shown its possibilities towards 3D modelling this point range was 
granted. While giving points software criteria compared against 
remaining applications 
 Point 7 – 10 – Where the BIM application was able to satisfy the 
given criteria better than other software applications. Also capacity 
for the application to adapt into the required prefabricators 
environment had been considered when giving these points. 
 
Overall the stage 01 selection was to produce a short list of BIM 
applications from a number of applications in the ICT market alongside 
current CAD packages to ensure that the correct effort was put forward 
towards obtaining overall improved applications. During the Stage 01 
process the selection criteria did not intend to search for actual 
technical capabilities through  
 
5.8.3 Assessment criteria – Stage 02 
 
Selected 05 software‟s from stage 01 was based on its descending 
order of ranking (1 to 5).  During stage 02 thorough and 
comprehensive criteria was used to further review the BIM application 
in order to further shortlist for stage 03 assessment.  
 Modelling limitations 
 Acceptance and creation of different drawing formats (dwg , dxf 
etc)- data exchange + export to 3D for Virtual Reality 
 Generate drawing outputs to selected business unit standards. 
 Ease of drawing modification and drawing revisions, also the ease 
of modifying the 3D model (increased efficiency and reduced 
drawing lead time). 
 Creation of compatible CNC coding, Bills Of Material. 
 Ease of creating the 3D model and generate drawings from it, 
ease of using macros and modify those based on the company 
CHAPTER 5-PREFABRICATORS REQUIREMENTS AND BIM TOOL KIT SELECTION 
 
-99- 
 
requirements – use of macros and software capabilities for 
modification. 
 Easy for project designers to learn and use the software, 
possibility of using external engineers / architects models for the 
organisations drawing production process. 
 Possibility of automated drawing output in accordance with 
current standards. 
 Amount of investment committed by organisation prior to 
research project and software customisation. 
 Future opportunities in overall waste reduction actions (Stock 
handling, marketing tool, and provide additional customer 
requirements and product development) 
 Ability for the software to synchronize with future technology 
developments and achieve additional market competencies (e.g. 
Access 3D model environment from off site) 
5.8.3.1 Software prioritisation 
 
Based on the initial benchmark software‟s ranked 1-10 (lowest–
highest) compatibility with business requirements. The following are 
the advantages and disadvantages of the each of the  selected 
software applications. 
 
Software 
Application 
Current Experience within the SME 
Tekla 
Structures 
Used to model a practical trial project. Used skills gained by two 
day training obtained by researcher and in-house design staff 
member. 
Vertex 
Software 
Used to model a practical trial project. Used skills gained by one 
day training obtained by leading project designer. Some level of 
customisation has been done by software vendor for the SME 
AutoCAD LT Currently heavily use to produce 2D drawings for the site build 
construction. 
CSC 3D +   Only had a software company presentation, not used to model a 
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practical project to asses the capabilities –CSC 3D + is not capable 
to deliver extra features than other software. 
Advance Steel One software company delivered a presentation to the business 
unit, based on presentation decided not use for a trail project to 
assess further capabilities 
Table 5-3  Software short listed for stage 02 review 
 
5.8.3.2 Stage 02 Software Review 
 
During the stage 02 software review process a desk study was used to 
understand each software and its advantages and disadvantages. By 
directly contacting software vendors, questions could be raised to 
specific to cold rolled steel components and the required output. Also 
during the assessment, empirical knowledge possessed by design staff 
was used to obtain a true view on the software capacity and user 
issues. The following table highlights the findings for the short-listed 5 
applications used to analyse its advantages and disadvantages towards 
usage in the cold rolled prefabrication sector. 
 
 
 Advantages Disadvantages 
T
e
k
la
 S
tr
u
c
tu
r
e
s
 
 
 Contains a  wide range of industrial 
standard components 
 Clicking point to point can create a 
component and assembly detailing with 
intelligence. 
 Large number of macros available in the 
software system to create connections and other 
intelligent assemblies. 
 Easy to create and use new macros and 
use according to in-house requirement. 
 Can import architects drawings, also able 
to generate number drawings along grid lines or 
depending on the area to be showed in the 
drawing. 
 Building the model cab be made easier 
using macros (customised or existing). 
 Capable of creating different type of CNC 
codes according to rolling machines  
 Modelling in 3D environment highlight 
issues/clashes that a 2D system could not. 
 Designers are required to spend 
time to arrange drawings to suit business 
standards (i.e. templates) - one off 
exercise to set standards. 
 Automated cross sections will not 
appear in the drawing. To create bay 
drawings, the designer may need to select 
area by area to create drawings. This will 
be a time consuming task. 
 Automated drawings can be 
created from the required area, however 
time is needed to bring up these to 
drawing layout standard and write 
appropriate macros 
 
Table 5-4  Stage 02 Software Review Results 
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V
e
r
te
x
 S
o
ft
w
a
r
e
 
 
 Drawing creation is fully automated and 
already generates with cross sections, part list and 
specific borders. However some time is needed to 
arrange the drawings within the drawing limits as 
required. 
 Clicking between two points can create an 
entire wall with insulations and internal components 
of the structure. 
 Automated connection methods appears 
in the model while creating openings 
 Some essential elements are 
missing from the drawing (e.g. Grid lines, 
level marks). 
 Creation of the model is difficult, 
currently need to put all the dimensions 
manually into the system, it is limited to 
use modelling environment to create parts 
and essential components. 
 Macro handling is tedious and 
based on the initial parameters of the 
project, rapid modifications are limited. 
Increasing modification time and reducing 
response times. 
 The technical help desk is poor. A 
lot of time is spent waiting for some 
confirmation from Finland, thus very time 
consuming. 
 It contains a limited number of 
industrial standard components. 
 Require heavy customisation to 
be business compliant. 
A
d
v
a
n
c
e
 S
te
e
l 
 
 Based on the AutoCAD system, therefore 
the transition from current AutoCAD LT version to 
Advance Steel. 
 Can import drawing from DWG and DXF 
format would be smooth. 
 Can create curved grid lines. 
 Can create component by lot number and 
generate drawings based on the previously 
numbered components, very useful for Bay drawing 
creation (by selecting required bay by lot number). 
 Can automatically insert the level marks 
only in the place we specify in the model space 
 All the current components are in the 
software, but currently consists of sigma and sigma 
plus ranges. 
 Clash checking function of the 
components, and matching the components 
properties 
 Useful drawing revision issue and 
approval macro. 
 Can use all the AutoCAD tools for the 
modelling purpose. 
 Bill of materials can be printed in different 
reports as we required. Also capable of export to 
standard MS applications (Word, Excel etc) 
 
 Customer created macros are not 
flexible. 
 Currently there aren’t many SFS 
panel creating macros and there are not 
many useful modelling features for 
business specific activities. To develop a 
panel creation system, will incur cost. That 
would require outside assistance 
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C
S
C
 3
D
 +
 
 
 Based on the AutoCAD system, it is easy 
to change from current AutoCAD LT version to 
AutoCAD full version based CSC 3D+. 
 Drawing output can be created using 
current method.  
 Drawing update and revision clouds 
appears automatically. Much better way to handle 
drawing revisions, than previously 
 
 It does not contain many steel 
connections. 
 No additional feature 
distinguishing further from other software. 
 
A
u
to
C
A
D
 L
T
 
 
 Capable of creating high visual level of 2D 
drawing output (rendering, hatching, modifying 
drawing, presentation and ease of use) 
 Designers are more confident with the 
software and long term usage has made them 
experts within the system (drawing tools, layers, 
manual commands etc…) 
 Easy to use Architects and Engineers 
drawings as a reference and draw SFS system 
based on received drawings. 
 Autodesk (reinforced with AutoCAD) has 
largest market share in construction (68% in UK) 
 Does not create 3D model, solely 
work as a 2D drawing board. (No 
intelligence) 
 Not capable of identifying 
different components and create cutting 
lists with intelligent information. 
 Difficulty in modifying the 
drawings (same time process from 
creating from scratch) 
 High risk of human errors. 
 
 
Upon comparing the advantages against disadvantages within the 
selected software packages and also assessing the advantages 
between each software applications research proceeded to stage 3 by 
further short listing the software packages. Tekla Structures, Vertex 
and Advance steel had been short listed for the stage 03 assessments. 
 
5.8.4 Assessment criteria – Stage 03 
 
Influences on assessment 
 The Change from Prefabricated panel business to offsite design 
and material supply services has changed the assessment criteria 
from the original KTP application. 
 Future opportunities and rapid development in the light gauge 
steel market sector (external walls, offsite, SHD, roofing etc..). 
 Potential increase in number of designers in organisation 
 Future possible technology developments including use of 3D VR, 
online document system and project modelling co-operation. 
 Up to what level the software fulfilled the business requirements. 
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(a) Vertex. 
Can be modified by anyone with sufficient knowledge 
Macro language exists – Can be supplemented with additional 3D 
model 
Can access other databases – Oracle,  SQL – Server, Progress, 
Postgre-SQL and Access. Can read the ASCII files. System Architecture 
– C/ C++ 
 
Vertex Possible Customization:- 
 Planning details 
 User components 
 Framing details 
 Framing rules 
 NC links 
 MRP links 
 Cutting Lists 
 
Possible Automation Elements 
 For wood frames 
 For LGS frames 
 Large/ Small panels 
 Platform 
 Pre-cut 
 Floors and roofs 
 Ceiling and walls 
 
Can be adjusted to company‟s specific design, construction and 
manufacturing requirements. 
Rule-based connections between components 
Manufacturing information and cutting list for construction 
Feature based intelligent and fully parametric building elements 
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Wall framing 
Generates the wall framing components automatically 
Dimensioning and cutting information generated automatically. 
 
Floor framing 
Floor framing layouts are generated based on the deck areas and 
associated framing parameters. 
Automatically generated joists can be modified 
 
Roof framing 
Can generate roof truss and rafter layouts. 
Can be modified according to the floor framing. 
 
Other features 
Can work simultaneously in 2D and in 3D. 
Every detail can be easily seen in the visuals. 
Allow to use optional structures and optional materials in one 
integrated building model and data base. 
Material take off can be generated at any time. 
 
(b) Advance Steel 
3D steelwork solid modelling, detailing and material listing system 
Works under auspices of AutoCAD, Using ObjectARX object oriented 
technology 
 
 Supported by comprehensive libraries of steel components 
 Parametric macros for modelling joints 
 Modelling tools for modifying elements 
 Clash detection engine- collision check 
 Can create CNC control files 
 Use the structural grid for 3D modelling. (Will be labelled 
automatically) 
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 Use the software library to import the beams and place on the 
grid. UCS incorporated into this 
 Use AutoCAD commands to populate and snap on to places. 
 Allow for parametric joints to use between frames 
 Each member is automatically allocated a part number and to all 
identical parts – (useful in CNC coding) 
 Can export into DSTV format, (enables to supply CNC data 
compatible with a leading machine.) 
 
Structural Elements  
(Not relevant to selected Business Unit, hence the further details not 
investigated) 
 
Mezzanine floors 
 UK‟s leading CAD software for designing and detailing mezzanine 
floors (As stated by the Advance Steel sales information).  
o Mezzanine floor macros 
o Complete lists of materials 
 CNC and CAM files 
 Links to CADS BS5950 steelwork design programs  
 Provide design calculations 
 
Cold Rolled  
 Macro allows creating cold rolled sections.  
 Users can create standard part numbers 
 Automatic revision handling 
 
(c) Tekla Structures  
It has the object oriented parametric modelling capacity which allows 
you to change the model when ever you need to do so. 
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Integrate the loadings into the system. When the objects specification 
changes the system also change the relevant loading in the system 
 
 Create realistic bids and cost estimations 
o Fast, several alternatives 
o Better understand of the project 
o High quality stuff 
 Better details 
o Live 3D details 
o Clash checking 
o Range of connections 
 Automatic routine tasks 
 Manage changes efficiently and reliably 
 Integrate operations 
Benefits 
 increase detailing quality 
 detail  faster and more efficiently 
 improve work flow 
 enhance customer loyalty 
Integrated items 
 sales and bidding 
 conceptual design 
 analysis and design 
 erection drawings 
 detailing 
 procurement and purchasing 
 fabrication 
 erection 
 Create dynamic sales models and pricing 
 Preliminary design and engineering 
 Faster and more accurate detailing 
 Manage change with ease 
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 Improve the flow of information from sales to erection 
 Integrate sales and erection your design and detailing 
 
Project Management 
 Centralized database 
 Project history 
 Task management 
 4D tools 
 Process control 
 
Collaboration 
 Model sharing 
 Multi User 
 Multi discipline 
 Web viewing 
 .Net based API interface available for external customisation 
 
5.8.4.1 Software benchmarking 
 
Initial investigation took place to identify core features of the software 
packages, the research put forward a questionnaire to obtain specific 
details required for the cold rolled steel prefabrication environment. 
This allowed the research to clearly identify and recommend the most 
suitable software for the company activities. 
 
The following are the questions put forward to the software vendors 
and there answers are listed in Appendix 5.1. 
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Cold Rolled 
Steel 
Modelling 
Features 
Drawing 
Related 
Features 
Special/Import
ant Features 
 
General 
Concerns 
 
Will it show any 
errors or is it error 
detective? 
 
Can it accept different 
drawing formats? 
 
Is the software is capable 
of creating part lists and 
cutting lists (For cold roll 
components) 
 
What is the version? 
Is it a solely new 
software or it is based 
on an existing market 
standard software 
(ex. AutoCAD) 
Modelling limits 
(create any kind of 
grid lines and curved 
components) 
Can it create different 
drawing formats? 
 
Can we change the report 
formats and export to 
different level  
what are the special 
features 
 
Parametric ability, 
easy to modify and 
level of software 
intelligence 
How easy to create 2D 
drawings and convert 
them into 3D drawings. 
(and vies versa ) 
Can the software create 
CNC coding for rolling mill 
machines? How easy to 
modify the CNC coding 
formats. 
What are the system 
requirement 
(computers/ printers 
etc) 
How about the 
product libraries, how 
easy to use and 
modify 
 
The quality of the 2D 
drawings. (Can the auto 
generated 2D drawings 
create current standard 
and format) 
Can we use our own cold 
roll profiles in the 
software? Is there any 
charge for the company? 
 
How often we get the 
software updates 
 
3D modelling 
features and 
procedure to modify. 
 
Will it generate 
automatic renderings, 
dimensions, part 
numberings  
Does the software come 
with interface to access 
and modify standard 
macros. 
 
What are the ongoing 
software updates 
 
Does it contain 
standard fixings 
How easy to do 
modifications to the 
initial drawings 
Can we create our own 
macros based on future 
business requirements? 
What are the add on 
features (simulating, 
web hosting, 
rendering, project 
handling) 
Can we create 
concrete slabs, 
insulations and other 
elements to create 
detail drawings? 
The level of the drawing 
standards? 
 
What are the project 
handlings and external 
interaction features? (file 
sharing, costing, and 
product BOM database) 
What are the term 
and conditions? 
Purchasing method 
(per seat, per 
machine etc…) 
Can we have our own 
cold roll connections 
If we want to change the 
standard drawing 
Is the software is generic 
to serve special steel 
The training 
procedure, trouble 
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methods? How easy 
to create new special 
connections 
templates, how 
difficult/easy it is? 
 
designing market, how 
easy to adopt new items 
(mezzanine floors, 
roofing’s, load baring 
housings, modular 
constructions etc...) 
shooting and hot line 
help desks. 
 
Is there any 
analysing features. ( 
how the components 
react based on wind 
loads, live loads or 
dead loads) 
Can the software create 
control the drawing 
revisions? 
 
 Will the software 
overtake designer’s 
creativity and 
generate industry 
standard drawings. 
 
What are the sales 
features and virtual 
reality or media file 
capability 
   
Table 5-5  BIM Benchmarking Questions List 
 
All the selected software vendors answered the above questions and 
based on the trial versions were used to evaluate and provide answers, 
each software application ranked from 0 – 10. Where 0 -3 is low, 4 – 6 
is medium and 7 – 10 to be high. 
 
Based on the ranking, pie-charts were created for each category 
investigated and this gained an understanding about the products 
capabilities in general. The following chart shows the end results of the 
analysis that took place. 
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3D MODELLING SOFTWARE BENCHMARKING 
ADVANCE 
STEEL, 33%
TEKLA, 39%VERTEX, 28%
 
 
 
 
Drawings
ADVANCE 
STEEL, 
34%
TEKLA, 38%
VERTEX, 
28%
Cold Roll Features
ADVANCE 
STEEL, 
33%
TEKLA, 
41%
VERTEX, 
26%
General concerns
ADVANCE 
STEEL, 
33%
TEKLA, 
37%
VERTEX, 
30%
Special/Important Features
ADVANCE 
STEEL, 
32%
TEKLA, 
41%
VERTEX, 
27%
Figure 5-3  Stage 03 software benchmark results 
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5.9 Software Recommendation 
 
By undertaking an initial six month research project, the research 
finding‟s recommended TEKLA Structures as the 3D modelling software 
to be implemented within the selected business unit. 
 
Tekla Structures was the most expensive software package in the 
CAD/CAM market according to the investigation and even though there 
are number of low cost software packages available on the market, 
their inherent features have shown distinct inflexibilities and limitations 
that are incompatible with the business expectations. During the 
evaluation process, „Tekla Structures‟ proved its capacity towards 
drawing creation through its drawing customisation process and 
specific reports capability through standalone application embedded in 
to Tekla “Template-Editor”. Also rapid developments within Tekla 
towards future technology changes showed via available API interface 
functionality which allows the end-user to take the programming 
aspect of the BIM application towards much needed customisations. 
Nevertheless, with the available file structure and communication 
procedure within Tekla application showed the robustness of the base 
package. 
 
With further analysis of the software, Tekla Structures showed 
monetary benefits against capital expenditure over the next 5 years in 
the form of efficiency gains also the tangible gain over the initial 
investment to be undertaken by the Business Unit was a key element 
in the process of considering Tekla as the future 3D modelling 
software. 
 
Based on an in-depth consideration process, the research made the 
above recommendation in accordance with thorough evaluation criteria 
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that best suited the needs of the designers and organisations future 
developments and outputs.  
5.9.1 Reasons for the Decision 
 Potential financial gain from using a 3D model software in the 
design stage. 
 The level of technical development opportunity with the software. 
 Flexibility of creating what the designers need to produce. 
 Higher amount of usage within UK steel industry and smoother 
data exchange to and from other CAD packages. 
 UK based technical help, potential developments. A strategy 
partnership can be maintained and strengthened with Tekla. 
 Large number of customer components and connection methods 
currently available within the software and the ease of adding 
new components to the library in house. 
 Opportunity for in-house development and customisation in 
partnership with Tekla and Associate. 
 Ability to create exact CNC coding or relevant data to be used by 
secondary in-house software to interact with mill machines. 
 Possibilities to tie into future market sectors by looking at the 
whole wall build up. 
5.9.2 Financial Impact with Tekla 
 
This research made the recommendation based upon the evaluation 
criteria that best suited the needs of the designer and tangible outputs 
i.e. drawings, NC coding, material etc. Whilst Tekla is one of the most 
expensive 3D modelling solutions available as indicated above in table 
2.1 the efficiency outputs of choosing Tekla over another 3D modelling 
system were considerable.  In order to justify spend, a cost analysis 
has been undertaken showing monetary benefits against expenditure 
over the next 5 years. 
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Research anticipates a 30% efficiency gain over a 3 year period within 
the design process (10% year 01, 15% year 02, 10% Year 03). 
LICENCE/ PC (£)
MAINTENANCE/ YEAR 
(£)
UPGRADE FROM 
EXISITING CAD (£) 
TRAINING- FIRST 
YEAR (£)
TEKLA 12950 1950 4000 18900 10147.9 34131
VERTEX 4900 630 1400 1400 8330 3382.6 13762
ADVANCE STEEL 4000 500 2425 1250 8175 2602.0 12663
FUTURE ACQUIRED     
COST BY 2010 
(+VAT) (£)
BASIC COST (2005)
FUTURE COST 
2006-2010 (2% 
inflation) (£)
PACKAGE 
TOTAL 
COST/PC       (£)
 
Table 5-6  Software Purchase and Maintenance Cost Comparison 
 
The analysis shown in table 5.7 is based on predicted efficiency gains 
accumulated through the integration of Tekla software.  This table also 
accommodates expenditure as an additional licence and maintenance 
each year to allow for growth in business and Target PF. The total cost 
for the licence‟s and maintenance through to 2010 based on projected 
target and growth will be a spend of £112,000 (based on maintenance 
for one seat and in-house training) 
 
In accordance with the efficiency gains provided by Tekla, The business 
team will be able to accumulate a saving of £100,015 over the 5 year 
period.  This will generate a total saving of £3,015 after investment. 
 
Y ear Design 
Revenue
Target PF Baseline C osts % Saving Accumlative Target PF 
revised Software Investmet cost
C ost Saving
2005 cost £1 5,000
Maintenance £1 0,000
In-house training £1 2,000
2006 £1 08,675 1 .5 £72,450 1 0% 1 0% £65,205 £7,245 1 .67 £1 5,000
2007 £1 1 9,543 1 .6 £74,71 4 1 5% 24% £57,1 56 £1 7,558 2.09 £1 5,000
2008 £1 31 ,497 1 .7 £77,351 1 0% 31 % £53,256 £24,095 2.47 £1 5,000
2009 £1 44,646 1 .8 £80,359 0% 31 % £55,327 £25,032 2.61 £0
201 0 £1 59,1 1 1 1 .9 £83,743 0% 31 % £57,657 £26,086 2.76 £1 5,000
Total £1 00,01 5 Total £97,000
Target Savings
 
Table 5-7  Tekla BIM running cost and expected savings 
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5.10 System Proposal 
 
 
 
 
Information Flow 
The above diagram shows the possible future information flow and the 
additional requirements which need to be incorporated into the 
business process. During development of following solution particular 
reference given to initial process flow predictions in section 5.5 (Figure 
5-1) 
 
COMPATIBLE 3D 
SOFTWARE’S 
PROCESS 
PLANNING 
PRODUCTION 
BP/BS 
ORDERS 
FINANCIAL 
TOOL (OPRA) 
OTHER DESIGN 
SOFTWARE’S 
CNC CODE 
B.O.M 
DATA 
CORRECT 
FORMAT 
DESIGN 
SPECIAL 
ITEMS 
ORDER 
CNC CODE 
CNC CODE 
INTERFACE INTERFACE 
INTERFACE 
CORRECT 
FORMAT 
TEKLA 
INTERFACE INTERFACE 
INTERFACE 
CNC CODE 
NETWORK 
7 
2 
6 
4 
3 
5 
1 
8 
Figure 5-4  Proposed BIM application integration path in SME 
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Path 01 – Since business the unit starts to use Tekla as its major 3D 
modelling software package, it is capable of obtaining 3D information 
from other industry packages. By using already created 3D models the 
designer can model SFS components within the given model. 
Path 02 – Even without an existing 3Dmodel the users are capable of 
starting modelling in Tekla using 2D architectural and engineers 
drawings. Existing design process can be followed without any 
additional. 
Path 03 – Upon creation of the model, designers can create standard 
drawings for further approval. In information Flow 3, the designer or 
any authorised personnel can create CNC codes for the entire building 
or for a given area as requested by the client or the manufacturing 
unit. 
 (Note – Currently if the CNC codes werecreated solely from Tekla 
it will only be for simple components.). This information can be fed into 
the mill machine for manufacturing.  
Path 04 – While the path 3 creates the CNC codes, there should be a 
method to send relevant financial information to the OPERA system 
prior to the manufacturing start. In this situation, information 
abstracted from TEKLA can be converted into CSV file format (through 
an interface) and fed into OPERA system and accepted as a normal 
order.  
Path 05 – If there is any building created using another software 
package (i.e. Advance Steel for Mezzanine floor), it will be an 
advantage  if there is a way to send its Bill Of Materials straight into 
the Banro Opera system as an order. Based on what type of 
information can be obtained from different 3D modelling software‟s an 
internal application can be created to generate a proper OPERA 
acceptable order format and the CNC code at the same time. 
Path 06 – there should be an internal application to abstract 
information from OPERA and then convert into CNC codes. Since 
OPERA do not obtain any product specific information such as service 
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hole types, cleat holes, the above conversion can be only used for 
simple cut length products. The same application should be able to be 
used to create complex products ordered by customers with specific 
construction requirements. 
Path 07 – As discussed in Path 06, since OPERA cannot provide any 
product specific information, if the customer requires products with 
punch holes, by having a simple application (CNC code generator) to 
convert basic data into proper NC codes this can reduce errors and 
time taken for the CNC code creation. The same interface can be used 
in Path 03 to create complex CNC coding for a given 3D model by using 
its BOM. In this situation designers need to standardize how the punch 
positions should appear in the components. 
Path 08 – After accepting the Product order and creating an 
appropriate NC code file, then the manufacturing process planner 
should be able to send NC code information straight to the mill 
machines. This network process will be discussed further in the next 
section. 
5.11 Conclusion 
 
The research undertaken had an extensive assessment prior to 
recommending a suitable BIM software package for the selected 
business unit with the main concerns raised how to adapt the software 
package towards cold rolled prefabrication process as well as to qualify 
for the basic features of the Building Information Models. In addition 
the research had to justify in commercial benefits for the real time 
acquisition of the software. This helped the research to gain 
commercial world experience and put the software package into a most 
suitable position to suite for further modifications.  
 
Upon selection of the BIM application it was subjected to further 
modifications. Detail information about the modifications that took 
place are discussed in chapter 06.  
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CHAPTER 6  SYSTEM IMPLEMENTATION  
 
6.1 Introduction 
 
The purpose of this chapter is to highlight the development work 
undertaken within the selected software package to deliver 
prefabricated cold rolled steel framing solution.  
 
This chapter consists of mainly two segments. Firstly, the modifications 
that took place to cater for two separate product sectors (SFS and 
Freeframe) and secondly, the analysis of anticipated benefits achieved 
upon utilisation of this given solution in live design projects. The 
benefit analysis was limited to the SFS product range due to the live 
projects that did not fall within the Free Frame building during the 
research period. 
6.2 BIM customisation mechanism and boundaries 
 
Software customisation took place based upon inbuilt component 
connection mechanism within Tekla to create prefabrication specific 
modelling tools. This was an optional tool existing within Tekla which 
allows the users to create repetitive connectivity‟s in a given model. 
Looking at its features, it was established that by embedding a 
recorded modelling sequence within another modelling sequence these 
customer components can be used as a set of tools to model cold rolled 
components in a panel format and reduce the modelling time. 
 
By embedding specific parameters into customer components, it could 
maintain required dimensional specifications required by the 
prefabrication entity. This created less information to remember by the 
designers and repetitive activities eliminated to increase the efficiency. 
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Apart from creating compound components (i.e Panel), also created 
localised connectivity‟s required in prefabrication process. This 
facilitated the requirement to add specific features into the main 
components such as service holes, noggins, bracing or cleats as per 
prefabrication engineer‟s specifications. 
 
Incorporation of prefabricators drawing standards into the 3D 
modelling system took place by utilising existing secondary application 
supplied by the Tekla system (Template Editor). This modification was 
done in-house without incurring any additional software cost. Having 
in-house modified drawing templates also helped the designer to 
quickly modify as per the prefabricators rapid requirements in project 
by project basis. 
 
Due to commercial sensitivity and company intellectual property rights 
the latest developments/updates in Tekla with relation to Freeframe 
system is not graphically illustrated within this chapter. Alternatively 
the process has been explained on the solution implemented referring 
back to the SFS system development. 
 
The later stage in the chapter analyses the live project data to compare 
similar projects conducted in the existing software package. Analysed 
data was later used to justify the efficiency gains and the validity of 
using the BIM system. The Analysis of benefits gained had to be limited 
into in-house design and manufacturing sections due to external 
parties not being able to adopt the BIM solutions during the cause of 
this research period.  
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6.3 Customisation for SFS component modelling 
 
The following sections highlights the process undertook to update the 
off the shelf BIM solution package to deliver prefabricators specific 
information to model and provide information in a given construction. 
6.3.1 Simple panel macro 
 
The main objective by creating a simple panel macro was to introduce 
prefabrication parameters into a Tekla and allow to a regular wall panel 
to be modelled quickly and accurately in the BIM environment. The 
panel macro was created in a way that the user has the ability to 
retrieve its attributes via the user interface and then change according 
to the desired specification. 
 
Figure 6-1  Simple steel panel in Tekla 
 
The attributes which can be changed are stud gaps, panel height and 
to indicate whether the designer needed a single nested jamb at either 
ends of the panel. By embedding required tolerances into the macro it 
ensured the manufacturing data derived from such a panel modelled in 
Tekla was ready for manufacturing.  
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Figure 6-2  Simple panel macro property dialog box 
6.3.2 Simple window macro  
 
This macro creates a simple window opening with single a track as the 
cill and head with head track and the base track. Dimensional 
limitations and geometry has been embedded into the macro. Also 
special structural requirements such as cripple studs are to be 
automatically included into the panel when some limitations exceeds. 
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Figure 6-3  Simple window panel 
In similar way to the wall panel macro the user has the ability to 
change the Cill height, window opening height and the entire panel 
height by entering data in the modify dialog. 
 
 
Figure 6-4  Simple window panel property box 
6.3.3 Panel macro with all jamb constructions 
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This is an additional improvement for the simple panel macro. This has 
the ability to change the entire panel from one system to another (100 
system to 150 system) in a shorter time period. 
Also it contains sub- macros which will be used to generate different 
jamb constructions as required. The following are the few modifications 
done to the panel macro within few seconds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The user can change parameters of the panel by simply selecting and 
entering data in to modify dialog box 
Figure 6-5  Simple panel with Jamb feature 
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Figure 6-6  Modified panel property dialog box 
6.3.4 Window macro with all cill and head constructions 
 
This is an additional improvement for the simple window macro. This 
has the ability to change the entire panel from one window aperture 
system to another (100 system to 150 system) very easily. 
 
Also it contains a number of sub macros which will be used to generate 
different cill and head constructions as required. The following are the 
few changes done to the Window macro within few seconds. 
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Similar to other panel macros the user can update the parameters of 
the updated window panel by accessing the user interface.  
Figure 6-7  Parametric feature of window panel 
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Figure 6-8  Modified window panel property box 
 
6.3.5 Stud and Track splice macro. 
This macro is to be used to insert stud and track splice components in 
to existing components in the Model. 
 
Figure 6-9  Stud and Track splice component feature 
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The designer can also specify the number of different component to 
make the final compound component by modifying the modification 
dialog box. 
 
 
6.3.6 Stud to Track cleat macro 
This is a single bracket macro where the user is able to change hole 
sizes and specifications simply by changing parameters in the 
modification dialog box. 
 
Figure 6-11  Stud to track bracket 
 
 
Figure 6-10  Splice feature with property dialog box 
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The following shows a number of modifications carried out to a single 
bracket by changing the user given information 
 
 
 
6.3.7 Cross bracing incorporated into panel macro 
This is a modification which adds cross bracings into an existing panel 
macro. Based on the engineering requirements the user is able to 
insert cross bracing to either one side or both sides of the wall panel. 
This works as an add-on macro where the user initially has to insert 
the wall panel macro and then apply the cross bracing macro on top of 
it. The advantage of this process is when the wall panel later changes 
to suite future client modifications (Height, Width) the cross bracing 
Figure 6-12  Parametric feature of the stud to track bracket connection and 
property dialog box 
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configuration will update automatically based on predefined 
engineering constrains of selected panel and also, will retain its 
prefabrication features. 
 
 
 
 
 
6.3.8 Gusset plate macro in to Panel Macro 
This macro can be added into an existing panel macro and allow the 
user to select whether to insert a gusset plate with cross bracing or 
not. All the required manufacturing dimensions are included into the 
macro. Also, the Macro assess the required subcomponents needed to 
be present in a given area prior to applying the connections. The macro 
looks for vertical stud, Horizontal track and a diagonal bracing within 
the area.  
Figure 6-13  Cross bracing components embedded in to wall panel 
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Figure 6-14  Parametric gusset plate embedded in to cross bracing facility 
 
6.3.9 Customisation for Bill of Material  
 
The main intention is to create a different bill of materials lists to 
indicate the specific cold rolled components. This would reduce any 
unnecessary manual filtering procedures. The end result would be 
creating standard order forms electronically to facilitate manufacturing 
requirements and customer requirements 
Process 
 
Action 01 – Create a report template to abstract information from 
model and filter prefabrication cold rolled Products (Tracks and 
Studs).This information will be used as the foundation to abstract user 
defined attributes. 
 
Figure 6-15  Standard Tekla template editor interface 
 
Action 02 – specify rules in the report to select track and studs. And 
introduce semi-colons into the report file to use as a CSV file 
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Figure 6-16  Advance C# coding within Tekla template editor for BOM report 
retrieval 
 
 
 
 
Action 03 – Save the report template and open any Tekla model 
 
Figure 6-17  Finished Model in Tekla Environment 
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Action 04 – Open the reports section and select the required report 
 
Figure 6-18  Selection of the required report template from report list 
 
Action 05 – Give a name to the file and file format as required 
.txt/.doc/.xls 
With a press of a buton BOM will appear with abstracted information as 
per the rules written within the report template. 
 
Figure 6-19  Generated BOM report from the Tekla Model 
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6.3.10 Customisation to obtain project material value 
 
The main intention is to create a bill of materials list to indicate the 
cold rolled components with specific price values. This will reduce any 
unnecessary manual filtering and calculation procedures that has to be 
carried out by an in house person. This exercise is to investigate and 
implement such procedure and to measure the project material cost by 
importing relevant information in to the 3D model.  
 
By using the reporting method and attribute import method, the user 
can insert information into Tekla model and then create a final project 
value through reporting method. 
 
Action 01 – Create a report template to abstract information from the 
model and filter Products (Tracks and Studs).This information will be 
used as the process to insert user defined attributes and import back to 
Tekla modelling environment as a feeding report. In this situation the 
initial report will be called as “Assembly Export1” 
 
Simultaneously a second report needs to be created to obtain a 
summary of the components and total price value. During this exercise 
the second report will be called “Material Pricing”. 
 
Action 02 – specify rules in the report to select  track and studs. 
Introduce semi colons into the report file to use as a CSV file 
Action 03 – Save the report template and open any Tekla model  
Action 04 – Open the reports section and select the created report file 
“ASSEMBLY EXPORT 1” 
Action 05 – Give a name to the file and file format as .CSV 
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Figure 6-20  Assembly report selection in Tekla 
 
Action 06 – Click Create from all in the Report interface 
Action 07 -Go to the model folder and select the saved file with the 
given name with .csv format. This will give a set of component 
information as per the below format. 
Note – since the file names is a CSV file it will be opened in the excel 
application interface. 
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Figure 6-21  Output CSV file from Tekla for data entry prior to re-import 
 
Action 08 – Give the product price per meter under “COMMENT” 
column. This value then will be used to import back to the user defined 
field in the TEKAL model. 
Action 09 – After entering all the price values save the file as TAB 
DELIMITED TEXT file.  
Action 10 – Go back to the model and click 
File>Import>Attributes. In that the user can select the saved tab 
delimited file 
 
Figure 6-22  Reinsertion process of CSV file back in to BIM database 
 
Action 11 – Press Apply and Create, then the values will be passed 
back to the TEKLA model. 
Action 12 – in the report section select the report designed to create 
the Project value “MATERIL PRICING” 
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Figure 6-23  Tekla customised material pricing report 
 
Action 13 – Give the file format required at the end and click create 
from all. This will create a project value list as follows: 
 
Figure 6-24  Material price list output 
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6.3.11 Customisation for Manufacturing Data 
 
The task is to create appropriate CNC coding from the Tekla Model by 
reading specific information from the BIM data base and arrange its 
data into a such a manner that information can be feed into a mill 
machine. 
Procedure  
By using a filtering process and report creation procedure this can 
create a TEXT report in .INF format to get CNC codes for Stud and 
Track components. 
 
Note - .INF format was the acceptable CNC code for the mill machine 
available within the selected business unit and BIM customisation taken 
place according to such requirement. 
 
Action 01 – Create a report to abstract information from model and 
filter Products (Tracks and Studs) 
Action 02 – specify rules in the report to select stud or track 
separately 
Action 03 – save the report and open any Tekla model 
Action 04 – Select the required area or the panel 
 
Figure 6-25  Partial selection of the model for required CNC file 
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Action 05 – Open the reports section and select the created report file 
“banrocnc3” 
 
Figure 6-26  Customised report to facilitate CNC code format 
 
Action 06 – Give a name to the file and file format as .inf 
Action 07 – Click Create from for the Report interface 
Action 08 -Go to model folder and select the saved file with the given 
name with .inf format. This will give the CNC code file for the 
component at selected area or component. 
 
Figure 6-27  Output example of the CNC file generated from BIM 
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6.4 Analysis of Live Project Data 
 
The task was to compare the design outputs and achieved productivity 
gains from Tekla against AutoCAD. 
Similar types of projects were considered for this comparison. When 
the projects are not in the same SFS scope of work is then based on 
the difficulty and the total area of the project being transferred into 
comparable common ground. Due to commercial sensitivity the 
projects are named as Project-A, Project-B so on.  
6.4.1 Project-A (Part 1) Vs Project-A (Part 2) 
 
This was a load bearing project. The first stage (Part 2) of the project 
designed in AutoCAD and second stage (Part 1) designed in TEKLA 
Structures. Due to the difference in the complexity and the total area 
covered in each design package, both projects total design time assed 
by pro-rata in to 2000 m/s2. 
 
Appendix (6.1) shows the calculation procedure carried out to assess 
the projects the final outcome of the project areas are as follows. 
According to the obtained results approximately 54% time reduction in 
project designing stage over AutoCAD using the Tekla Structures 
software. 
  
TOTAL 
HOURS 
SFS AREA 
COVERED 
(m/s2) 
DESIGN 
ONLY 
HOURS 
DESIGN ONLY 
HOURS FOR 
COMMON SFS AREA 
(2000 m/s2) 
COMPLEXITY 
RATING 
COMPLEXITY 
RATING x DESIGN 
HOURS FOR 2000 
m/s2 
Project-A 
(Part 2) 253.00 889 108.25 243.53 4 974.13 
Project-A 
(Part 1) 135.25 1888 60.25 63.82 7 446.77 
     OVERALL DESIGN EFFICIENCY GAIN 54.14% 
 
Table 6-1  Live Project Comparison 1 
6.4.2 Project-B Roof Design Vs Project-C Roof design  
This was the second comparison carried out to compare the efficiency 
gain using the Tekla Structure over AutoCAD. 
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Project-C involved designing three larger roof sections and Project-B 
involved 3 roofs where one needed a more complex designing 
procedure. 
 
During this comparison due to the complexity the projects had been 
rated and brought to a common ground before the comparison. 
 
Appendix (6.2) shows the detail description of the comparison 
procedure and the final result shows 56% total time reduction in 
project designing stage over AutoCAD using the Tekla Structures 
software. 
  
TOTAL 
HOURS COMPLEXITY RATING 
COMPLEXITY RATING x TOTAL 
HOURS 
Project B 47 4 188 
Project C 72.75 6 436.5 
        
    
OVERALL EFFICIENCY 
GAIN 56.93% 
 
Table 6-2  Live Project Comparison 2 
6.4.3 Drawing comparison 
The following are the main drawings outputs compared between the 
two software packages (Tekla Structures and AutoCAD). These 
drawings were used for a similar purpose and the content needed to be 
the same to cater for the required purpose. 
 Tekla Reference AutoCAD Reference 
Setting out Drawings Yes Appendix 
6.3,6.4 
Yes Appendix 
6.5,6.6 
Elevation Drawings Yes Appendix 6.7 Yes Appendix 
6.8 
Detail Drawings NO – (but 
possible) 
N/A Yes 
(Excluded) 
N/A 
Bill Of Materials in 
Drawings 
Yes Appendix 6.9 No N/A 
Bill Of Materials report Yes Appendix 6.10 No N/A 
Simple CNC codes Yes Appendix 6.11 No N/A 
3D isometric drawings Yes Appendix 6.12 Yes Appendix 
6.13 
 
Table 6-3  Tekla against conventional AutoCAD design output comparison 
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6.4.4   Further project comparison. 
 
Upon implementation of the initial requirements for the SFS system, a 
further number of projects were delivered by the business unit using 
BIM application. Upon completion of these projects within the BIM 
environment, efficiency gain was analysed against similar projects 
conducted in the AutoCAD environment. Attached table 6-2 shows the 
main efficiency achievements due to the usage of BIM capability of 
Tekla across the different type of projects 
Project 
Name 
Time taken in 
AutoCAD 
Efficiency saving 
percentage 
Total saved 
hours 
Rate per 
Hour 
Total Saved 
amount 
Tekla 
Time  
Project 1 242.75 14.54% 35.30 £20.30 £717 207.45 
Project 2 395.76 24.60% 97.36 £20.30 £1,976 298.40 
Project 3 44.77 28.53% 12.77 £20.30 £259 32.00 
Project 4 291.50 23.50% 68.50 £20.30 £1,391 223.00 
Project 5 974.13 36.09% 351.60 £20.30 £7,137 622.53 
Project 6 137.94 29.50% 40.69 £20.30 £826 97.25 
Project 7 111.51 30.50% 34.01 £20.30 £690 77.50 
Project 8 974.13 14.00% 136.38 £20.30 £2,768 837.75 
  Total Savings from Tekla 776.61  £15,765  
 
Table 6-4  Design saving against conventional 2D CAD 
 
 
PROJECT DESIGN 
ACTIVITY SPLIT % 
 Drafting 70% 
 Co-ordination 20% 
 QA Checking 10% 
  100% 
 
  Average Efficiency: 25.16% (From Table 6-4 )  
      
  
Saving Across Entire 
Project 17.61% Drafting 
   5.03% Checking 
   2.52% QA adherence 
 
Table 6-5  Overall design process efficiency from BIM 
 
By applying the obtained average design time reduction (25%) into a 
number of real time completed projects, new pf values were calculated 
in order to predict the overall efficiency impact in total project cost if 
the project had been designed using Tekla Structures. 
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According to the analysis results, the Pf value of projects increased by 
11 % with a lower increment of 0% and 23% prediction range under 
10% variance. The detailed analysis of these results can be found in 
Table 6-4. 
 
        PROJECT IN CAD   PROJECT IN TEKLA 
PROJECTS Project Fee 
EXCLUDING 
CAD/TEKLA 
COSTS £ 
  
DESIGN 
COST £ 
TOTAL COST  
WITH CAD £ 
  
DESIGN  
COST £ 
TOTAL 
COST WITH 
TEKLA £ 
                  
    A   B D=A+B   C E=A+C 
                  
Project AA 4667.52 1640   856 2496   642 2282 
Project BB 7352.94 1680   2072 3752   1554 3234 
Project CC 2795 885   740 1625   555 1440 
Project DD 8406.58 6808   2430 9238   1823 8631 
Project EE 8294.44 3173   2430 5603   1823 4996 
                  
Average   2837   1706 4543   1279 4116 
                  
Note - 25% time reduction in designing time applied in to overall CAD time of 
each project       
 
 
 
Table 6-6  BIM efficiency adoption into past design projects 
  
DESIGN 
HOURS 
SPENT   PF WITH 
CAD 
  
PF WITH 
TEKLA   PF VARIANCE 
PROJECTS CAD TEKLA     Mid Variance   Lower Mid  Higher 
                      
        
F=Project 
fee/D   
G=Project 
fee/E   
(H-F)/F 
% 
(G-F)/F 
% (I-F)/F % 
                      
Project AA 37 16   1.87   2.05   -2% 9% 20% 
Project BB 68 31   1.96   2.27   4% 16% 28% 
Project CC 40 18   1.72   1.94   2% 13% 24% 
Project DD 305 137   0.91   0.97   -4% 7% 18% 
Project EE 102 46   1.48   1.66   1% 12% 23% 
                      
Average 110 50   1.59   1.78   0% 11% 23% 
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6.5 Conclusion 
 
The development of the section of (SFS) prefabricator‟s specific 
information within the selected BIM application (Tekla Structures) was 
enhanced by embedded customisation tools within the software 
applications. By using developed macros the delivery of live projects 
showed that in the design element there was an efficiency gain due to 
the speed of the modelling and 3D environment available to the 
designer to integrate real live project specific clash issues and 
eliminate future possible site queries. Having an intelligent BIM system 
allowed the user to further create the required drawings as per 
customer requirement without incurring further design time.  
 
Few projects which trialled already had the structural engineers 
information been modelled in same BIM application prior to 
prefabricators involvement. In such an instance the in-house designer 
was able to import the 3D model into Tekla and start the modelling 
from where the previous structural engineer has finished their work. 
This was a great advantage for the business where an in-house 
designer did not have to undergo the spatial thinking process. 
 
By analysing the real time projects delivered within the BIM application 
this showed the actual efficiency gain achieved within drafting element.  
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CHAPTER 7  DEVELOPMENT OF THE NOVEL FRAME 
WORK 
 
7.1 Introduction 
 
Research into the real time usage and capabilities of BIM applications 
and their customisation is well positioned to recommend how the future 
of BIM within a prefabricator‟s environment should develop. 
The experiences, advantages and difficulties encountered by cold rolled 
steel prefabrication during the BIM implementation stage and live 
usage of the selected BIM application have helped to propose a new 
method of utilizing these latest technological advancements in IT sector 
to further streamline construction-based BIM solutions. 
Specific attention was given to open Application Programming 
Interfaces (API) available within the latest software packages. The 
selected BIM application, Tekla Structures, has been developed to 
promote API interfacing which allows access to software applications 
via standalone programming languages such as .NET. 
7.2 Live Implementation Issues for Prefabricators in 
BIM 
 
During the process of selection and implementation of a BIM solution, 
within the selected prefabrication business environment, a number of 
technical and industry communication issues were identified. These 
issues are to be discussed in the following pages to determine the best 
cause of action for future implementations. 
7.2.1 Status within the current construction supply chain 
 
In the current construction market, prefabricators are 2nd or 3rd level 
in the supply chain. Due to the fact that the design has been already 
finalised by architects and structural engineers it is an exercise which 
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needs to be followed by prefabricators, to remodel the building within 
set limitations. This results in transferring information between 
prefabricators, initial architects and engineers via formal Required for 
Information (RFI) to agree initial design content and any subsequent 
changes to the initial structure. Key to this issue is not having an 
agreed BIM solution between initial stakeholders, second and third 
level participants. 
 
7.2.2 Lack of experience about prefabrication methods 
 
Stakeholders initial lack of detailed knowledge about prefabrication 
methods results in not passing adequate BIM information to actual 
prefabricators. This leads to data re-entry or model regeneration by 
prefabricators‟ in-house staff. Architects‟ and engineers‟ lack of 
experience or knowledge of prefabrication information is due to the 
complexity and industry specific manufacturing and erection 
information required by prefabrication to determine final product 
outcome. 
7.2.3 Not having common BIM platform 
 
There are number of diverse software applications available on the 
market. Based on their large capital expenditure capability, only large 
construction companies and architectural practices are well equipped 
with these BIM packages. Prefabricators face difficulties in adopting to 
such BIM applications which need to include specific prefabrication 
information. This leads to prefabricators simply obtaining information 
produced by architects and engineers in their BIM application and 
recreate their own software packages. This will be the same situation 
even though prefabricators use BIM capable software packages for 
their own modelling purposes. During this research even though the 
selected business entity possessed BIM capable software application, 
„Tekla‟, it was evident that architects and main engineers who have 
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commissioned the selected SME unit to design cold rolled steel design, 
did not use „Tekla‟ for their schematic design purposes who were ready 
to share their model following next stages of design. 
7.2.4 Contractual Obligations and Data Sharing 
 
In the UK‟s current construction market it is a widely accepted fact that 
across the construction supply chain, information provided by one 
party to another can lead to a possible claim due to the incorrectness 
of the provided data. Due to this reason, it is a tendency in the 
construction industry not to share editable information across the 
supply chain. This again leads prefabrication entities to reproduce 
models in separate software applications to transfer data from the 
design board to manufacturing plants whilst also obtaining approval 
from initial designers (i.e Architects) for dimensional interpretation 
accuracy. 
7.3 Novel Framework to Incorporate Prefabricators 
into BIM 
 
This research identified that there are a number of requirements that 
exist in the construction and IT sectors which must be met in order to 
successfully achieve the advantages of incorporating prefabricators 
information in to Building Information Models. The key requirements to 
be fulfilled by future enhancements to BIM framework are outlined 
below. 
1– The ability to provide prefabricators‟ sector specific information to 
initial building designers via BIM system – the limitations, engineering 
concerns and manufacturability information possessed by each 
prefabricator are unique to their industry as well as unique to individual 
business entities.  
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2 – The ability for prefabricators to obtain and use BIM based 
construction models created by initial architects and initial engineers 
without complete remodelling. 
3 – The ability to retrieve or insert information into BIM model without 
acquiring specific BIM application software and knowledge of the 
functionalities specific to each BIM software application. 
7.3.1 BIM with Prefabricators Structure Proposal 
 
Suggested future frame work development will be constructed based 
on a .NET platform where the user will be able to communicate with 
different platform based Building Information Models. The following 
diagram shows how future prefabrication entities sit within the BIM 
based construction environment. 
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Figure 7.01 illustrates how the industry can treat prefabricators as 
another data resource and involve them into the existing information 
gathering process. Prefabricator specific information is obtained from 
industry standard domains which are updated and maintained by 
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Figure 7-1  Future prefabricators integration in to BIM proposal (Rathnapala.T, 2006) 
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different industry groups. Information/data can be obtained as per the 
requirement of the BIM user. The end result will be readily available 
information which BIM users and prefabricators can request specific 
Information for any given project. 
 
7.3.2   Open Application Programming Interface (API) 
 
With the recent developments in the IT software sector it is a feature of 
many applications to leave their API‟s open for third-party entities to 
start reading and writing information into the software applications. 
The benefits that can be achieved via having open API in a software 
application are: 
1 – Public users are able to articulate the software to deliver their 
sophisticated requirements. 
2 – Customers create their own in-house source code and have the 
control over it. 
3 – Users can write the source code exactly as they require from the 
software and can perform updates when requirements change. 
4 – Main software companies do not have to allocate resources to 
satisfy each and every customer‟s requirements. This can be 
easily handled by a third party programming entity with guidance 
from customers. 
   
Similar benefits can be achieved by the prefabrication sector of the 
construction industry by utilizing available API functionality in the BIM 
software.  
7.3.3   Functional Tools for Prefabricators 
 
The proposed novel solution to expose prefabricators to BIM 
applications based on the open API facility provided by BIM software 
applications. Initially there will be interfaces developed which will be 
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familiar to prefabricators. This interface will allow the user to input data 
for the specific prefabrication arrangement. For example a cold rolled 
steel panel designer will be able to input required information for a 
given load bearing wall panel. The programme will contain its own 
parameters specific for a given practice. In the above situation, the 
programme will dictate the maximum and minimum panel size that can 
be designed.  
 
Upon entering data the information, it will be saved into a virtual 
database outside of the BIM application. This database will be a 
common database where information can be retrieved to feed into 
different BIM applications. Building Information Models tend to model 
features in their own application environment which differs to that of 
other market available applications; this highlights the need for a 
common approach database.  
 
The user will be able to select the recipient BIM package. Based on the 
selected end source the .NET application will filter required information 
from the virtual database and pass it into the BIM environment, 
matching correct parameters of the product information and generating 
the geometry and specific information in the BIM database. 
 
The process can be reverse engineered in such a way that external 
applications can read the selected BIM information and populate the 
user interface for modification. Users will be able to change the 
specification as required and update the same BIM or redirect 
information to a secondary BIM application which is in use. 
 
Initially developed prefabricator specific information can be published 
in the public domain as readily available construction methods. This 
allows users to pick and plug different prefabricator specific information 
use during the schematic design stage. By this process even without 
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having extensive knowledge of prefabrication construction methods the 
architects or initial structural engineers can start modelling sub 
contractor level information within their BIM application.  
 
The following diagram shows the information path which will be utilized 
to accomplish the intended outcome within the new process. 
 
 
 
The process will be of particular help to sub contractor level 
prefabricators who have to work with number of building projects at a 
given time; interacting with several BIM applications. 
It will force currently separated prefabrication industry partners to 
provide main information to the public domain with added 
responsibility. The business specific unique information may need to be 
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Figure 7-2  BIM with Prefabricators information Novel Framework 
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protected; This can be done via protected source codes for 
prefabricator add-ons. In the current construction situation the 
majority of business specific build methods are visually obtainable but 
the engineering information has not previously been disclosed to the 
public.  
End users can either work directly within BIM interfaces or seek only 
external applications that input prefabricator specific information (i.e 
Modelling Parameters) in to BIM.   
7.4 Conclusion 
 
The real-time implementation of prefabrication information into a 
selected BIM application provided vital information about benefits and 
possible barriers in the construction market. Looking into the benefits, 
it has been identified that by providing a more flexible approach in 
utilising prefabrication information within a BIM, wider acceptance at 
the front end of the BIM usage process is promoted through early 
involvement in the design, Prefabricators can improve the quality of 
information they have to work with. This reduces the time/cost 
implications of dealing with inadequate or unsuitable information 
available across the broad range of BIM applications they may 
encounter. High capital expenditure needed to acquire BIM software 
and to undertake training is an additional barrier for prefabricators to 
join a BIM based construction information flow. 
 
Having a standalone application written based upon the open API 
facilities of given BIM application provides and promotes the use of BIM 
information by second and third level supply chain participants as well 
as the initial architects and clients. 
 
With the fast growing nature of information technology the use of open 
API via different programming languages will be inevitable. It will only 
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be a matter of time, expenditure and pioneering effort by construction 
industry participants as well as software vendors. 
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CHAPTER 8  CONCLUSION 
 
8.1 Introduction 
 
In the construction industry at present two streams of technologies are 
in its rapid development, Building Information Model and the 
Construction Prefabrication, and it was the intention of this thesis to 
critically review the technological options available in the current 
Architecture, Engineering and Construction (AEC) environment and 
establish integration opportunity between the above two streams. In 
order to accomplish the main objective “Incorporation of Prefabricators 
into a Building Information Model” the research utilized a three phased 
approach providing a clear flow for the research. 
 
Within this three phased approach the thesis was structured into 
dedicated chapters to cover specific activities within each phase 
(reference Figure 4.1 Research Framework). During this final chapter, 
the intention was to review the research outcomes against the initial 
aims and objectives and to establish facts for the importance of this 
research and the true benefits for the construction industry. 
 
In the overall research review (Section 8.2) information and facts 
gathered in previous chapters will be referred too. Also based on the 
research findings and lessons learned this chapter outlines the principal 
contributions to knowledge and discusses potential future directions for 
research in the area of Building Information Model development and its 
integration of Prefabricators information. 
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8.2 Overall Research Review 
 
In order to provide noteworthy conclusion to this research it is useful to 
briefly review the key aims and objectives listed in the first chapter. 
With the vision of the “Incorporation of Prefabricators into a Building 
Information Model” the research entered into it‟s first phase by 
undertaking a literature and technical review of two main streams of 
technology, BIM and Prefabrication. Going beyond the desk study the 
research focused on a real time cold rolled steel manufacturing 
company in order to capture the day to day requirements which need 
to be facilitated by any BIM application package.  
 
The research also entered into its second phase whilst making 
commercial decisions after benchmarking available BIM software‟s via a 
real-time benchmarking activity and then recommending the 
application to the selected SME. Prior to entering the final phase of the 
research, the selected BIM application underwent a modification 
process using its available customization facility. Through this 
customization the objective was to utilize the updated software 
facilities within live commercial projects and thus ensure the pre-stated 
benefits at the review stage (Chapter 2) were are achievable and what 
barriers were in place preventing the actual benefits to take place.  
 
Finally, benefits achieved via implementation of the BIM application 
been reviewed and a novel framework concept suggested during the 
third phase of the research. Therefore, the work outlined during the 
start of this thesis along with the developed software application has 
fulfilled the aims and objectives specified.  
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8.2.1 Literature Review 
 
During the literature review, the research firmly established the 
importance of Prefabrication technology within the current construction 
industry. The impact on cost, quality and delivery of prefabrication 
techniques were the prominent topics for such an establishment. 
Nevertheless facts gathered about any Building Information Model 
concept and its latest developments proved the validity of using a 
single data base linking different professionals to work toward one 
construction project. Reduction in data re-entry and real-time 
collaboration facilities available within the building information model 
were identified as key features that were required in the current 
fragmented construction market which was regularly hampered by not 
having up-to-date construction information. 
 
With respect to information exchange standards it was highlighted that 
having a vast number of prefabricators in the construction market 
provided daunting task to gather all the available prefabrication 
information for BIM applications. In the same instance having different 
types of BIM applications (e.g. „Tekla‟ , „Revit‟, „Graphisoft‟) the BIM 
developer has to recreate the  same information for different software 
applications. This creates the requirement to obtain highly efficient and 
memory capacity rich computer facilities which adversely create 
technical incapability within a fragmented construction market. 
8.2.2 Case Study 
 
Working closely with a selected SME Prefabricator provided appropriate 
information relating to the day to day actual requirements sought from 
any future BIM application. The process provided much valuable 
empirical data as well as SME specific unique construction methods, 
design and manufacturing as well as output standards. Gathered 
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information used benchmarking criteria in order to select the required 
BIM and to implement it within the SME unit.  
 
 
8.2.3 Prefabricators Requirements and BIM Tool Kit Selection 
 
Later in the research, information gathered during the case study 
development was used as the minimum requirements which satisfied 
the BIM application that had been selected for the identified SME 
entity.  Due to the number of BIM applications that were available, the 
market benchmarking exercise adopted a three tier approach to 
identify suitable BIM application. This helped to remove possible 
misjudgement of the BIM application and also highlighted not to 
engage heavily investigating when the selected software is not capable 
of delivering a basic requirement of to the selected prefabricator, 
saving valuable resource time during the investigation. 
Towards the later stages of the benchmarking exercise research 
produced a benchmarking question list and results highlighted the most 
suitable application for the business unit. Since the research was 
conducted parallel to live BIM solution implementation in a SME unit, 
validity of the BIM selection process possessed high importance.   
 
8.2.4 Implementation and Analysis of Data 
 
During the total research process this activity was seen as the point 
where theory was put in to practice by implementing a BIM application 
within a selected SME entity. Rather than enforcing what BIM could 
offer at the given time, the research took steps to modify the selected 
BIM application to provide requirements sought by the prefabricator. 
Application modification towards business requirements provided vital 
experience highlighting the current technical difficulties regularly faced 
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by prefabricators when adopting an off-the shelf BIM application 
package. 
 
Analysed data using BMI in a live project proved that prefabricators can 
benefit from BIM application during in-house design and manufacturing 
process. Further benefits could have been justified if the involvement 
from the main architect and engineers was possible at the time of the 
research period. Due to the lack of technological advancement and 
monetary commitment with architects and engineers to utilise BIM 
application during the research period the benefit analysis only covered 
for selected prefabricators process.  
 
Even though the live test of BIM application did not communicate 
directly with architects, the literature review conducted provided vital 
information that the use of BIM application in main design teams have 
produced justifiable benefits. 
 
8.2.5 Development of Novel Framework 
 
This was the point where the learning outcomes of this research 
formulated the future framework for the BIM and prefabricators 
integration. With the technical development in ICT infrastructure most 
of the BIM application providers have provided an Application 
Programming Interface (API) facility to control software application 
through secondary programming languages. During the research this 
was seen as the gateway for prefabricators to independently develop 
their industry specific information transfer to BIM via API.  
 
Research identified two levels of frame works to facilitate Prefabricators 
integration into BIM. Firstly the Business interaction framework 
highlighting how the different professions need to interact with the 
construction market, the number of different BIM applications and the 
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different types of construction projects available. Secondly, the 
technical data transferring framework for prefabricators with the BIM 
application via an API interface. 
 
8.2.6 Overall Conclusion  
 
Inspired by the technical development within ICT relating to BIM 
applications and appreciation towards Prefabrication techniques, this 
study has implemented a live solution within a selected SME 
prefabricator unit to utilise the BIM application. Also the study 
developed a novel frame work to mitigate current difficulties which 
were faced by prefabricators during the integration with the BIM 
application. 
The desk study and the practical implementation of the BIM application 
within a SME unit proved that usage of a technical rich BIM application 
within the Prefabricators environment would not be a revolution due to 
technical improvements prefabricators already have. Any proved 
benefits in the prefabrication industry can be directly linked to BIM 
applications and further enhance the current construction practices by 
allowing construction process early decision makers (Architects, 
Structural  Engineers, Clients etc) to use prefabrication options in the 
early stages of the design. 
8.3 Contribution to knowledge  
 
Throughout the completion of this study, several contributions have 
been made to current knowledge in the field of Building Information 
Modelling and Construction Industry Prefabrication. These can be 
summarised as follows:  
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(i) Selected SME Prefabricators case study.  
 
The research worked closely with one of the leading cold rolled steel 
manufacturing units in order to understand the actual business 
process. Findings were gathered and presented in the form of a case 
study which can be utilised in the future for further research into this 
field. Case study information gathered during this research was rich in 
its context due to the extensive time period spent at a given SME unit. 
The standards of design outputs and the manufacturing information 
system provides vital information for any given party in an unbiased 
manner. 
 
(ii) Development of novel framework to integrate Prefabricators 
into Building Information Model  
Using the results of the literature review and the live business case 
study a conceptual framework was specified identifying the salient 
attributes required for effective integration of prefabricators into a 
Building Information Model. 
 
Based on a thorough review of previous and current initiatives in the 
fields of Building Information Modelling and construction field 
prefabrication techniques, current technical issues as well as practical 
difficulties have been identified. Based on the latest technical 
improvements, such as API facilities available within BIM applications, 
this research developed a novel framework for future communication 
opportunities in AEC environments. The framework was developed from 
the point of view of prefabricators and their current demand for the 
information exchange methods in the construction process.  
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8.4 Recommendation for future studies 
 
This study has suggested a novel framework, which could develop 
prefabricators contribution within a Building Information Model 
environment, and potentially further reduce the time and cost involved 
in current construction process as while improving the quality. Even 
though the research did undergo a process by modifying the existing 
BIM application to cater for prefabricators information, the actual novel 
frame work implementation yet to be developed and implemented. The 
recommendations discussed in following are the further enhancements 
to the suggested novel framework. 
8.4.1 Novel framework implementation 
 
This study has tested the actual incorporation of prefabricators into a 
given BIM application, However inorder to facilitate different 
prefabricators to communicate different BIM applications a novel frame 
work has been suggested. Currently, the approach suggested utilise 
BIM‟s available API facility to generate specific information within 
selected BIM environment by mapping data entry requirement against 
what BIM environment can cater for. This implementation needs to be 
carried out with close review on available BIM applications and its API 
facilities. The possible difficulty for this implementation will be the 
conservative interaction from main architects, engineers and 
prefabricators who withhold business specific to their design and 
manufacturing information (engineering know how).  
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ADVANCE STEEL (EXTERNAL COMMENTS) TEKLA (EXTERNAL COMMENTS) VERTEX (EXTERNAL COMMENTS)
ADVANCE STEEL TEKLA VERTEX
Banro/ Cold Roll Features
Will it show any errors or is it error detective? Yes, AdvanceSteel has built in clash checking tools. 1. There is a full clash checking facility. Yes. 7 8 6
Modelling limits (create any kind of grid lines and curved components)
There are no limits on geometry nor on number of objects.  Any size and shape structure can be 
modelled.
Only limit is your imagination, the software has been used for every different type of project 
imaginable, from B of the Bang, to Wembley Stadium No Answer 7 5 3
Parametric ability, easy to modify & level of software intelligence.
AdvanceSteel has hundreds of parametric macros for modelling members and 
connections.
Full parametric intelligence in the model and also in the connections. User definable via 
a graphical interface 1. Fully parametric, most objects easily modifiable.  Object based intelligent system. 7 9 5
How about the product libraries, how easy to use & modify Very easy
1. Easy to add new profiles, cross sections can be sketched and then restraints added, 
alternatively a dwg file can be imported to add a new profile. 1. After training easy to create maintain and modify. 7 9 4
3D modelling features & procedure to modify.
Many powerful and user friendly modelling features are included.  Making changes is 
very easy. 1. Full 3D modelling capability, simple to modify, the model is always up to date. 1. Advanced 3D-modelling tools for buildings and buildings and building components. 7 8 5
Does it contain standard fixings, 
AdvanceSteel contains all standard structural fixings.  If you mean "cladding fixings" 
(self drilling screws) these can be added easily via  the "Bolt editor" tool.
1. We have standard cold rolled manufacturers details, we also have a number of 
concrete standard fixings available (halfen, ancon etc) These are user definable. Yes, can be added and modified 4 4 4
Can we create concrete slabs, insulations and other elements to 
create detail drawings? Yes
1. Yes, Tekla Structures is a true multi-material modeller, there are tools etc for creating 
concrete, though could just as easily be insulation, hatchings can also be applied 
automatically to different material types. 1. Yes. Also possible to create/import details books. 4 5 6
Can we have our own cold roll connections methods? How easy to 
create new special connections.
AS6.1 contains a new "User Joint" tool where you can save pre-defined connections 
etc.There are also many parametric connection macros recently commissioned by 
Banro Sections Ltd.
 User definable by custom components, model them once and then add intelligence to 
the connection and an interface. We do also have a developer kit for creating 
"macro's", available soon through .Net
Yes you can, but Vertex staff will need to create new connections as they are script 
based 7 8 6
Is there any analysing features. ( how the components react based on 
wind loads, live loads or dead loads)
No.  AdvanceSteel is a detailing software.  We have other design software, which Keith 
or Ian can advise you about and if suitable to your needs can export models to 
AdvanceSteel for detailing.
We do have an integrated A & D solution (Staad.Pro) though this is mainly for hot rolled 
steel.
1. Can be configured to use windloading tables. Clash detection on floors/roofs. System 
automatically prevents parts clashes on walls. 0 5 0
What are the sales features and virtual reality or media file capability.
( ) p
sent Banro Projects a full AS information pack some months ago to Will Hall who I 
believe has now left you - let us know if you need us to send another info pack.Models 
can be shaded/rendered in AutoCAD or exported to other autodesk products such as 
3D Studio (http://usa.autodesk.com/adsk/servlet/index?id=5659302&siteID=123112) 
We can provide the model as a web based model for viewing purposes in xml format, 
the model can be exported in various 3D formats, IFC, DWG, DXF, DGN, SDNF, CIS/2 
etc et
1. Vertex offers very good support for sales dept. walk through and model navigation 
are also standard features, Also possible to create videos (walk through /navigate 
around videos etc.) 6 8 5
Drawings
Can it accept different drawing formats?
Yes, same as AutoCAD as we are working in AutoCAD.  There are also various export 
options such as SDNF, CIS/2, PSS, STAAD etc
1. We can import DWG, DXF files, these are also available as reference models along 
with other formats (IFC, XML). Available in both the model and the 2D drawings Yes 7 8 5
Can it create different drawing formats?
Yes, same as AutoCAD as we are working in AutoCAD.  There are also various export 
options such as SDNF, CIS/2, PSS, STAAD etc 1. DWG and DXF 1. Yes. 7 7 6
How easy to create 2D drawings and convert them in to 3D drawings. 
(and vies versa )
You do not create "drawings" as such but a 3D solid model.  The model can be created 
from 3D or 2D views and you can use standard 2D AutoCAD elements for setting out o
an existing 2D AutoCAD drawing.  From the model you can automatically derive 2D and 
3D drawings, material lists and NC data. 
1. ) You can created a 2D drawing of a 3D view, but not convert a 2D drawing into a 3D 
drawing. Not too sure what you are trying to do here. 1. Very easy as Vertex does them both simultaneously. 7 8 5
The quality of the 2D drawings. (Can the auto generated 2D drawings 
create current standard & format)
The software is supplied with many default drawings styles to suit the majority of 
requirements from different users.  However, if you have individual requirements, 
AdvanceSteel has a powerful built in Drawing Style Manager allowing you to configure 
the drawings how you want them.  Yes, also drawing formats are customisable to suit individual needs. Yes. 6 7 4
Will it generate automatic renderings, dimensions, part numberings 
You can render the model via AutoCAD.  You can number the model automatically; 
identical parts getting the same part number. The derived 2D drawings are dimensioned 
and labelled automatically.
1. The model is (optionally) rendered, though drawings produced are not. Dimensions 
etc and part numberings are all automatic.  Yes 6 6 6
How easy to do modifications to the initial drawings
You modify the model and then update the drawings automatically complete with optional 
revision control.
1. . All modifications are done in the model, there are editing tools available to add 
information to drawings. Very easy. 7 8 6
The level of the drawing standards?
The software is supplied with many default drawings styles to suit the majority of 
requirements from different users.  However, if you have individual requirements, 
AdvanceSteel has a powerful built in Drawing Style Manager allowing you to configure 
the drawings how you want them.  
Very good, used by majority of large steel fabricators in the UK, and set up to their 
standards ??? 7 7 5
If we want to change the standard drawing templates, how 
difficult/easy it is?
In AS the drawing "templates" are to control the standard drawing sheet with title block, 
dimension and text styles etc.  This is all fully customisable and easy to do.  If you mean 
teh actual configuration opf the drawings - e.g. label content, which dimensions are 
added etc see point 7 above. 
1. ? We have a template editor included and so not difficult to change drawing styles or 
information shown
Just open the template drawings and modify them. Save the changes and the new 
template is ready to be used. 7 8 6
Can the software create control the drawing revisions?
Yes, optional automatic revision control is part of the functionality when automatically 
updating drawings.
This is semi-automatic, the revised parts drawings are flagged in the drawing list and 
revision can be added on to them there.
1. ? Yes it is possible to control the revisions and store the revision 
information. 7 7 7
SOFTWARE
3D MODELLING SOFTWARE BENCHMARKING 
INHOUSE RANKING 
(0-3 low, 4-6 medium, 7-10 high)
ADVANCE STEEL (EXTERNAL COMMENTS) TEKLA (EXTERNAL COMMENTS) VERTEX (EXTERNAL COMMENTS)
ADVANCE STEEL TEKLA VERTEX
SOFTWARE
3D MODELLING SOFTWARE BENCHMARKING 
INHOUSE RANKING 
(0-3 low, 4-6 medium, 7-10 high)
Special/Important Features
Is the software is capable of creating part lists & cutting lists (For cold 
roll components) Yes 1. Yes, user definable lists can be created of anything in the model. Yes, this is part of the very basic program. 8 8 8
Can we change the report formats and export to different level Yes
1. level Yes available through the template editor, reports can be created as html files as well as txt, 
doc, csv etc. Yes, reporting formats are easy to modify 7 8 6
Can the software create CNC coding for rolling mill machines? How 
easy to modify the CNC coding formats.
AS can output NC files in DSTV and DXF formats.  We have also developed various 
CAM formats for specific cold rolled suppliers.  If you have you own unique CAM format 
we need to discuss your exact requirements and the cost involved.
1. We currently download data to the majority of the cold rolled manufacturers in the UK
At the moment everything is hard coded and so is difficult to change, though some 
changes are done through data files. We are currently developing an xml export for this 
type of machinery, which would make it far easier to develop something at your end.
Yes /1. We have several standard ready made. If the format does not exists we will 
have to charge you for it/modifications to it. Charges typically £75hr 7 7 5
Can we use our own cold roll profiles in the software? Is there any 
charge for the company?
Banro profiles are already included - recently commissioned by Banro Sections Ltd.  If 
there are further profiles to add we can discuss your requirements and costs.
1. Yes in fact I believe the cold rolled sections have already been added in. There is no 
charge for the profiles to be a part of the software Yes / No Charde 7 7 7
Does the software come with interface to access & modify standard 
macros.
All standard macros have many options which the user can modify.  If you mean writing 
your own macros, there is a COM API available at extra cost.
1. The standard macros delivered by Tekla are easy to modify with different 
parameters, open the dialog, change the required value and modify connection. Yes 6 8 5
Can we create our own macros based on future business 
requirements? See item 6 above.
These can either be created with custom components or by using our developer kit 
(currently C++, soon available with .Net interface) Yes 6 9 4
What are the project handlings and external interaction features? (file 
sharing, costing, & product BOM database)
All projects can be saved anywhere on the network to be accessed by anyone with 
required security permissions.  However, only one person can open a particular file at 
any time.  The models are drawings are DWG files and not databases.  The databases 
used internally by AS for configuration could be shared if required as with any 
database.  The BOM templates are fully customisable.
1. We have a multi-user database, as many people as required can work on a single 
model, we also have model synchronisation functionality for people working on the sam
model in different offices, who wish to synchronise at regular intervals. The model is a 
single database and easily sharable, for estimating etc..
1. We can produce DWG, SAT, IGES,3DS, DXF,PDF,DOC, TXT,ASCII, we have an 
ODBC link to other programs (e.g. Access) 3 9 3
Is the software is generic to serve special steel designing market, how 
easy to adopt new items (mezzanine floors, roofing’s, load baring 
housings, modular constructions etc...)
AS is a very powerfull general modelling tool that can be used for almost anything.  Most 
macros are indeed for the general structural steel market, but we also have many 
macros specific to Mezzanines, stairs etc.
1. We haven't really found anything that we can't do yet, we already have companies 
using for modular construction and for mezzanine floors etc as well as every other type 
of project you can think of. easy, package supports several building methods and styles 5 8 4
General concerns
What is the version? Is it a solely new software or it is based on an 
existing market standard software (ex. AutoCAD)
All current versions of AutoCAD are supported - e.g. ACAD2002 - ACAD2006 (plus the 
corresponding versions of Architectural Desktop).  FYI Autodesk are retiring 
ACAD2002 early next year, after which, we will not support it for AS either.
Tekla Structures is a standalone software and requires no other software to function, 
our current version is 11.1 Established software, with the worlds largest market share. Stand alone product on its 12 version next year. Company established 1977. 6 7 6
what are the special features Too numerous to mention - please see our website and info pack.
1. There are too many features  to mention, recent developments include the web 
viewer, intelligent drawings that automatically react to changes in the model, custom 
components for creating your own intelligent parts or connections. please see the attached brochure 6 6 6
What are the system requirement (computers/ printers etc) Please see attached document.
1. Nothing special. a regular computer running Windows XP pro will suffice, though we 
do recommend a minimum of 512MB RAM and a decent graphics card to speed the 
rendering. We use the windows drivers when printing and plotting. Hardware spec 
available if required. 1. please see appendix 1. 5 5 5
How often we get the software updates Approximately 1 main release per year
1. We provide three releases of software per year, one major release with two interim 
releases, one every four months. The interim releases are available for download from 
our ExtraNet
1. the main version is released once a year. Two additional intermediate releases, 
delivered on when-needed basis. 5 5 5
What are the ongoing software updates Service packs will also be issued in between main releases
1. Ongoing developments are improvements to custom components (parametrics), 
intelligent drawings and intelligent cloning, web viewer. .Net etc 1. All hot fixes, special new features can be downloaded from http://support.vertex.fi 6 7 6
What are the add on features (simulating, web hosting, rendering, 
project handling)
Most features are included as standard. The only "AddOn" features are: DSTV NC, 
Cold rolled CAM, STAAD import/export, COM API, LISP API.  These add on features 
are at extra cost. 1. We have add on modules for Project Management, RC Detailing, A & D.
NC-links, Rendering, Structural Options, Web Publishing, Html web page, Pdf drawing 
books etc. 6 8 6
What are the term and conditions? Purchasing method (per seat, per 
machine etc…)
AS is sold "per seat".  Licencing can be "standalone" or a network licence.  A network 
licence will support a number of concurrent users according to the number of seats 
purchased.
1. …) Purchasing is per seat, the software is dongle controlled but can be installed on 
any computer, the dongle must be plugged in to the computer you wish to use. We are 
currently undergoing tests on a network server license. Full Terms & Conditions 
available if required.
Sold per seat, also possibility to have a server installations so that a license can be 
used on any PC on the Intranet. 5 5 5
The training procedure, trouble shooting and hot line help desks.
The AS training course is 5 days split into 2 sessions.  3 days on modelling (Mon-Wed) 
and 2 days on drawings and system configuration (Thur-Fri of following week).  This 
gives 5 working days between sessions to use the software.We have a technical 
support line as part of the annual maintenance contract.
We have support available by email and telephone, also through our ExtraNet where we 
have a Forum manned most of the time and often answers are also provided by other 
customers. Model databases are very small and so can be emailed to our Service 
department for assistance. Training for Banro is customised to suit individual needs, 
generally we run two five day training courses primary and secondary, the second is 
more customisation of the software
1. We recommend 3-day initial training, can be done in our offices or your at no extra 
cost. Trouble shooting and help desk on 01423 500 211/helpdesk. 7 8 3
will the software overtake designers creativity and generate industry 
standard drawings. Please see other responses on drawing output...
1. Probably, as deadlines get shorter and shorter then it will come down to the software 
to do more and more.
The software will help you to reduce the human error factor without limiting the 
designer’s creativity 7 8 5
Total 219 258 183
Banro/ Cold Roll Features 56 69 44
Drawings 61 66 50
Special/Important Features 49 64 42
General concerns 53 59 47
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TEKLA/CAD VALUE ANALYSIS Appendix (6.1)
Year Week Monday Date Job Suffix Employee Classn Normal Hours Amount Description
Detail Drawings time ( Project A/ Project B) Section 01
2006 6 06-Feb-06 050802/00 Jones, Peter Employee 14 372.4 Design &amp; Issue
2006 7 13-Feb-06 050802/00 Rathnapala, Tharinda Employee 11 93.28 Review
2006 7 13-Feb-06 050802/00 Rathnapala, Tharinda Employee 2.5 21.2 Drawing
2006 8 20-Feb-06 050802/00 Rathnapala, Tharinda Employee 0.5 4.24 Drawing
2006 9 27-Feb-06 050802/00 Rathnapala, Tharinda Employee 2.5 21.2 Drawing
2006 9 27-Feb-06 050802/00 Rathnapala, Tharinda Employee 8 67.84 Drawing
2006 10 06-Mar-06 050802/00 Rathnapala, Tharinda Employee 5 42.4 Modifications
TOTALS 43.5 622.56
Directors time ( Project A/ Project B) Section 02
2005 35 22-Aug-05 050802/00 Woodlock, Henry Director 3.5 113.27 New Row
2005 36 29-Aug-05 050802/00 Woodlock, Henry Director 4 129.45 New Row
2005 44 24-Oct-05 050802/00 Woodlock, Henry Director 2.5 80.91 New Row
2005 48 21-Nov-05 050802/00 Woodlock, Henry Director 1.5 48.55 New Row
2006 2 09-Jan-06 050802/00 Woodlock, Henry Director 0.5 16.18 New Row
2006 4 23-Jan-06 050802/00 Woodlock, Henry Director 0.5 16.18 New Row
2006 10 06-Mar-06 050802/00 Woodlock, Henry Director 1.5 48.55 New Row
2006 11 13-Mar-06 050802/00 Woodlock, Henry Director 1 32.36 New Row
2006 12 20-Mar-06 050802/00 Woodlock, Henry Director 1 32.36 New Row
TOTALS 16 517.81
 Project B - General project work Section 03
2006 22 29-May-06 050802/00 Hickman, Daniel Employee 11 125.98 Pdf documents
2006 6 06-Feb-06 050802/00 Jones, Peter Employee 2.5 66.5 meeting at unit 2
2005 51 12-Dec-05 050802/00 Rathnapala, Tharinda Employee 1 7.87 Pdf documents
2006 3 16-Jan-06 050802/00 Rathnapala, Tharinda Employee 1 8.48 meeting with DY + AY + PJ
2006 8 20-Feb-06 050802/00 Jones, Peter Employee 3.75 99.75 Site meeting
2005 52 19-Dec-05 050802/00 Preece, Chris Employee 10.5 132.29 PDF + incomming records
2005 35 22-Aug-05 050802/00 Yates, David Section Manager 0.5 21.08 modifcations to drawings
2005 52 19-Dec-05 050802/00 Yates, David Section Manager 4 168.62 Design &amp; review
2006 1 02-Jan-06 050802/00 Yates, David Section Manager 3 126.47 Design &amp; Review
2006 2 09-Jan-06 050802/00 Yates, David Section Manager 10 421.56 Design &amp; Site Meeting
2006 3 16-Jan-06 050802/00 Yates, David Section Manager 4 168.62 Design &amp; Review
2006 4 23-Jan-06 050802/00 Yates, David Section Manager 6.5 274.01 Design &amp; Review
2006 5 30-Jan-06 050802/00 Yates, David Section Manager 6 252.94 Design &amp; Review
2006 6 06-Feb-06 050802/00 Yates, David Section Manager 7 295.09 Design &amp; Review
2006 7 13-Feb-06 050802/00 Yates, David Section Manager 8.5 358.33 Design &amp; Review
2006 8 20-Feb-06 050802/00 Yates, David Section Manager 2 84.31 Design &amp; Review
2006 9 27-Feb-06 050802/00 Yates, David Section Manager 4 168.62 Design &amp; Review
TOTALS 85.25 4595.58
 Project B - AutoCAD design time Section 04
2006 3 16-Jan-06 050802/00 Jones, Peter Employee 2.5 59.28 Set up Design
2006 4 23-Jan-06 050802/00 Jones, Peter Employee 7.5 177.84 Design &amp; issue
2006 5 30-Jan-06 050802/00 Jones, Peter Employee 17.25 409.04 Design &amp; issue
2006 8 20-Feb-06 050802/00 Jones, Peter Employee 3 79.8 Design &amp; issue
2006 9 27-Feb-06 050802/00 Jones, Peter Employee 6.25 166.25 Design &amp; issue
2006 10 06-Mar-06 050802/00 Jones, Peter Employee 9 239.4 Design &amp; issue
2006 3 16-Jan-06 050802/00 Rathnapala, Tharinda Employee 6.5 55.12 Design &amp; issue
2006 4 23-Jan-06 050802/00 Rathnapala, Tharinda Employee 1 8.48 Design &amp; issue
2006 5 30-Jan-06 050802/00 Rathnapala, Tharinda Employee 29.5 250.17 Design &amp; issue
2006 6 06-Feb-06 050802/00 Rathnapala, Tharinda Employee 12 101.76 Design &amp; issue
2006 10 06-Mar-06 050802/00 Rathnapala, Tharinda Employee 1.5 12.72 modifcations to drawings
2006 10 06-Mar-06 050802/00 Rathnapala, Tharinda Employee 3.5 29.68 modifcations to drawings
2006 10 06-Mar-06 050802/00 Rathnapala, Tharinda Employee 2 16.96 modifcations to drawings
2006 10 06-Mar-06 050802/00 Rathnapala, Tharinda Employee 1.5 12.72 modifcations to drawings
2006 11 13-Mar-06 050802/00 Rathnapala, Tharinda Employee 0.5 4.24 modifcations to drawings
2006 11 13-Mar-06 050802/00 Rathnapala, Tharinda Employee 0.5 4.24 modifcations to drawings
2006 11 13-Mar-06 050802/00 Rathnapala, Tharinda Employee 0.25 2.12 modifcations to drawings
2006 12 20-Mar-06 050802/00 Rathnapala, Tharinda Employee 4 33.92 modifcations to drawings
TOTALS 108.25 9039.84
 Project A - General project work Section 05
2006 10 06-Mar-06 050802/00 Yates, David Section Manager 3.5 147.55 Design and review
2006 17 24-Apr-06 050802/00 Yates, David Section Manager 1 42.16 Review
2006 18 01-May-06 050802/00 Yates, David Section Manager 1 47.09 Review
2006 19 08-May-06 050802/00 Yates, David Section Manager 1 47.09 Review
2006 22 29-May-06 050802/00 Yates, David Section Manager 3 141.28 Review
2006 25 19-Jun-06 050802/00 Yates, David Section Manager 3 141.28 Review
2006 26 26-Jun-06 050802/00 Yates, David Section Manager 3 141.28 Review
TOTALS 15.5 9864.17
 Project A -Tekla design time Section 06
2006 10 06-Mar-06 050802/00 Jones, Peter Employee 1 26.6 Project A
2006 11 13-Mar-06 050802/00 Jones, Peter Employee 7.5 199.5 Design and review
2006 12 20-Mar-06 050802/00 Jones, Peter Employee 5.75 152.95 Design and review
2006 13 27-Mar-06 050802/00 Jones, Peter Employee 7.5 199.5 Design and Review - Project A
2006 14 03-Apr-06 050802/00 Jones, Peter Employee 4 119 Design and review
2006 15 10-Apr-06 050802/00 Jones, Peter Employee 3.5 104.13 Design and review
2006 16 17-Apr-06 050802/00 Jones, Peter Employee 4 119 Design Project A
2006 17 24-Apr-06 050802/00 Jones, Peter Employee 3.5 104.13 Design and issue - co1
2006 18 01-May-06 050802/00 Jones, Peter Employee 0.5 15.6 Review &amp; Query
2006 25 19-Jun-06 050802/00 Jones, Peter Employee 2.5 78 Review &amp; Query
2006 26 26-Jun-06 050802/00 Jones, Peter Employee 3 93.6 Review &amp; Query
2006 26 26-Jun-06 050802/00 Jones, Peter Employee 0 46.8 Review &amp; Query
2006 27 03-Jul-06 050802/00 Jones, Peter Employee 4 124.8 Design and review
2006 27 03-Jul-06 050802/00 Jones, Peter Employee 0 46.8 Design and review
2006 12 20-Mar-06 050802/00 Rathnapala, Tharinda Employee 3 25.44 Diemensioning Project A
2006 13 27-Mar-06 050802/00 Rathnapala, Tharinda Employee 3.5 29.68 Diemensioning Project A
2006 10 06-Mar-06 050802/00 Rathnapala, Tharinda Employee 3.5 29.68 Design and review
2006 15 10-Apr-06 050802/00 Preece, Chris Employee 3.5 54.27 Review
TOTALS 60.25 1569.48
TOTAL HOURS
SFS AREA COVERED 
(m/s2)
DESIGN ONLY HOURS
DESIGN ONlY HOURS FOR 
COMMON SFS AREA (2000 
m/s2)
COMPLEXITY RATING
COMPLEXITY RATING x 
DESIGN HOURS FOR 2000 
m/s2
 Project B 253.00 889 108.25 243.53 4 974.13
 Project A 135.25 1888 60.25 63.82 7 446.77
OVERALL DESIGN EFFICIENCY GAIN 54.14%
Notes:
1 Complexity rating is based on subjective option of how difficult the detailing and thought process was
1 = very high complexity 
10 = very low complexity
This means a project with lower complexity, once factored should bring projects to a common level to make a fair comparrison
2 Overall Design Efficiency Gain = (CAD Desing Hours - Tekla Desing Hours)/ CAD Desing Hours
3 Common SFS area is taken as 2000 m/s2 to rationalize the calculations and compare projects by considering as same scope of work
4 For the desing only hours, Sections managers review time + Directors time & detail drawing creation time has been taken out for fare comparison
5 Overall efficiency gain is equvalent to the presentage of design time saved in a simmilar job using Tekla.
6 Total Hours for  Project B = Normal hours (Section 1 + Section 2 + Section 3 + Section 4)
Total Hours for  Project A = Normal hours (Section 1 + Section 2 + Section 5 + Section 6)
7 Design only hours for  Project B = Normal hours ( Section 4)
Design only hours for  Project A = Normal hours ( Section 6)
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    -------------------------------------------------------------------------- 
    BANRO PROJECTS Material list for contract No:  050802              Page: 1 
    TITLE: BANRO PROJECTS                PHASE:               Date: 22.09.2006 
    -------------------------------------------------------------------------- 
    Size            Grade       No.   Length (mm)    Area (m2)  Weight(kg) 
    -------------------------------------------------------------------------- 
    BANRO-C100.50.15  S275        1          404     174766.0         1.0 
    BANRO-C100.50.15  S275        1          912     393714.3         2.3 
    BANRO-C100.50.15  S275        1         1132     488534.3         2.9 
    BANRO-C100.50.15  S275        1         1132     488534.4         2.9 
    BANRO-C100.50.15  S275        1         1207     520859.3         3.0 
    BANRO-C100.50.15  S275        1         1229     530341.0         3.1 
    BANRO-C100.50.15  S275        1         1615     696707.0         4.1 
    BANRO-C100.50.15  S275        1         1677     723644.5         4.2 
    BANRO-C100.50.15  S275        1         2148     926214.6         5.4 
    BANRO-C100.50.15  S275        1         2177     939144.5         5.5 
    BANRO-C100.50.15  S275        1         2934    1265411.4         7.4 
    BANRO-C100.50.15  S275        2         2799    1207011.0         7.1 
    BANRO-C100.50.15  S275        5          422     182308.5         1.1 
    BANRO-C100.50.15  S275        7          912     393714.4         2.3 
    BANRO-C100.50.15  S275       17          477     206013.5         1.2 
    BANRO-C100.50.15  S275       31          887     382939.0         2.2 
    BANRO-C100.50.15  S275       56         2587    1115423.5         6.5 
    BANRO-C100.50.15  S275       60          476     206013.5         1.2 
    BANRO-C100.50.15  S275      164         2586    1115423.5         6.5 
    BANRO-C200.50.15  S275        1          509     322121.0         1.9 
    BANRO-C200.50.15  S275        1          549     347285.2         2.0 
    BANRO-C200.50.15  S275        1          557     352333.2         2.1 
    BANRO-C200.50.15  S275        1          573     362189.5         2.1 
    BANRO-C200.50.15  S275        1          758     478924.5         2.8 
    BANRO-C200.50.15  S275        1          868     548334.5         3.2 
    BANRO-C200.50.15  S275        1         1112     702614.1         4.1 
    BANRO-C200.50.15  S275        1         1176     742684.1         4.3 
    BANRO-C200.50.15  S275        1         1257     794109.4         4.6 
    BANRO-C200.50.15  S275        1         1334     842696.0         4.9 
    BANRO-C200.50.15  S275        1         1738    1097304.5         6.4 
    BANRO-C200.50.15  S275        1         2123    1340555.2         7.8 
    BANRO-C200.50.15  S275        1         2239    1413750.9         8.3 
    BANRO-C200.50.15  S275        1         2248    1419430.3         8.3 
    BANRO-C200.50.15  S275        1         2333    1473065.2         8.6 
    BANRO-C200.50.15  S275        1         2644    1669306.0         9.8 
    BANRO-C200.50.15  S275        1         2703    1706850.0        10.0 
    BANRO-C200.50.15  S275        1         2703    1706850.1        10.0 
    BANRO-C200.50.15  S275        1         2932    1851349.3        10.8 
    BANRO-C200.50.15  S275        1         3189    2013200.8        11.8 
    BANRO-C200.50.15  S275        1         3393    2142240.0        12.5 
    BANRO-C200.50.15  S275        1         3494    2205656.0        12.9 
    BANRO-C200.50.15  S275        1         4013    2533145.1        14.8 
    BANRO-C200.50.15  S275        1         4518    2851799.1        16.7 
    BANRO-C200.50.15  S275        1         4518    2851799.5        16.7 
    BANRO-C200.50.15  S275        2         2233    1409965.3         8.3 
    BANRO-C200.50.15  S275        2         3489    2202501.0        12.9 
    BANRO-C200.50.15  S275        2         3833    2419564.9        14.2 
    BANRO-C200.50.15  S275        2         4518    2851799.8        16.7    
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